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Abstract
New technologies are ever more present in people’s lives and their power can be harnessed to
promote safety, independence and well-being amongst frail user groups. Wearable sensors, in par-
ticular, may play an important role in crucial matters, such as fall prevention or chronic disease
management.
The aesthetics of new electronic devices to be worn or carried by the person, along with the
quest for miniaturisation, have been calling for major efforts from design to approach these chal-
lenges. Mobile phone producers, and the more recent wearable tech producers, have invested in
creating appealing devices to be part of fashion apparel one is wearing.
This project will study and propose new designs for wearable sensors used in several body
positions. We will work amongst a broader team encompassing different disciplines and will base
our work on a set of physical, ergonomics and usability constrains that may be challenged to pro-
duce novel creative solutions. Older adults should be considered as the main user group.
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Chapter 1
Introduction
The world population is ageing rapidly. Between 2000 and 2050 the world’s population over 60
years will double from about 11% to 22%. The absolute number of people aged 60 years and over
is expected to increase from 605 million to 2 billion over the same period (Organization, 2014).
In part we can think of this like a reflection of humanity’s work in dealing with childhood disease,
maternal mortality and in helping women achieve control over their own fertility (Organization,
2012a). However, there are some challenges arising in direct relation to ageing which have reper-
cussions on economy, society and in older people’s quality of life. “More and more people live
longer and enter an age they may need care. At the same time birth rates have not been high enough
to replace the population since the early 1970’s and continue to be low. The result is less money
for an increasing number of people in need of care” (Organization, 2012b). This problem affects
developed countries today but in a few years, low and middle-income countries will have to face
this kind of problem. Countries like China or Brazil will experience this dramatic demographic
change because population ageing in these countries is occurring at a much faster pace than was
the case with countries like Germany, Japan, U.S.A. or the Netherlands, that have been improving
health care systems for decades. This means they will have a much briefer opportunity to prepare
for an older population (Organization, 2012c). Another important issue the need for long-term
care. While the number of older people who are no longer able to look after themselves rises, the
number of people who could be able to look after them is being reduced. The old-age dependency
ratio 1 can show us this problem. We will not have enough people prepared to take care of elders in
order to provide them dignity and health care quality services. This leads us to another issue that
is strictly related to maltreatment, solitude and depression. “The maltreatment of the older people
can lead to serious physical injuries and long-term psychological consequences” (Organization,
2014).
In order to help people and societies cope with the above mentioned challenges, we propose
to develop a device to allow older adults to take care of themselves during more time and in the
1This ratio refers to the number of dependent older persons (which are more than 65 years of age) as a percentage
of the people who still are in their working-age (defined as persons between 15 and 64 years old).
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comfort of their house. The device will also allow caregivers to access relevant information about
the older adult. The World Health Organization is, at the moment, launching some measures in
order to prevent these kinds of issues and for that they are trying to improve the use and acceptance
of technology. Not only to improve older adults’ health care but to promote equality in access to
health care by less developed countries. “We need to encourage these developments, but also to
remember that the majority of older people live in less developed countries. Fostering the develop-
ment/adaptation and transfer of appropriate technology and innovative solutions to these settings
can help us achieve health equity” (Organization, 2012c).
This project aims to develop a wearable sensor device that will represent an improvement in
older adults’ lives. This will have a positive impact in elders’ independence and in the caregivers
work. “Technology is being regarded as an effective means for older adults to stay healthy, in-
dependent, safe, and socially connected. With its role in improving older adults’ quality of life,
technology is gaining increasing attention as a potential solution” (Lee and Coughlin, 2014). It
is expected that the device will help monitor health parameters and prevent falls of older adults,
as well as alert caregivers when falls occur. “Health information technology may be able to help
older people in independent living and to stay in their homes longer and “will aid care delivery in
an environment of a shortage of carers” (Fischer et al., 2014).
1.1 Objectives and planning
The general goals of this project are the development of new concepts to design wearable sensors
and also improve and test older adults’ acceptance of this kind of devices. The outcomes should
gather information about older adults’ requirements for this type of technology.
We also settled as objectives of this work the study and understanding of inclusive design, per-
forming a thorough literature review, planning and performing user research, designing a product
using a human-centred design approach and product testing.
The work plan to achieve this goals was as follows:
• Review the characteristics of older adults.
• Review wearable devices design.
• Review technology acceptance by older adults.
• Review user research and participatory design methods in order to apply the most suitable
methods on the field and experimental procedures.
• Development of a requirements list by settle and analyse the constraints and opportunities
of the project.
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• Using human-centred design of a wearable device by iterate the process of research, design,
prototype and test.
• Validate the tests with and without end-users.
1.2 Document outline
This dissertation is divided in four main chapters. We will now summarise the contents of each
chapter.
1.2.1 Chapter 1: Introduction
In this chapter we want to provide the reader a contextualisation of the project, the goals to achieve
at the end of this dissertation and also explain the structure of the work which is expected to be
developed.
1.2.2 Chapter 2: State of the Art
Chapter two gathers all the information upon which we based our work. Information related to
older adults’ cognitive and physical capabilities and also their attitude towards technology. Data
related to the wearables market as their trends, the most sellable products nowadays and market
segmentation were also addressed here. At last and serving as an introductory note to the project
development we approach usability concepts and define usability evaluation methods.
1.2.3 Chapter 3: Project development
This chapter describes all the stages that we went through during the development of our project.
It includes the creation of characters, scenarios, concepts and prototypes. We also described the
methods used to develop each step of the process until we got a prototype and a proposal to a
product.
1.2.4 Chapter 4: Conclusions and future work
Chapter four aims to summarise the work done until the submission of this dissertation. It also
describes the work that needs to be done when this dissertation ends. As we are developing this
project in a corporate environment, we will be involved in other projects below the dissertation
project which will lead to a strict schedule of our resources. We will need to focus our goals and
establish milestones in order to achieve the expected results. Due to the constraints of time, from
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the beginning we knew that we would not be capable to complete an entire cycle of product devel-
opment in order to put it on the market. However, we settle our goal to develop a medium-fidelity
prototype in order to get it tested with older adults and elaborate a usability test.
1.2.5 References
The citation style used in this dissertation is the Chicago 16th.
Chapter 2
State of the art
2.1 Older Adults
The present chapter aims to provide the reader an approach to the facts, statistics and aspects di-
rectly related to ageing. The topics that we will focus on are the issues related to the demographic
change that is occurring today and the economic and social problems related to it. The chapter
will be addressing humans’ age-related changes, which are an important topic for our project. We
will focus our research in this matter because our device will interact directly with the user, so we
will analyse which physical, mental or cognitive problems could come and have impact with this
interaction between user and apparatus.
2.1.1 Demographics of older adults
Several studies have been conducted in order to explore the impact of ageing in our future. It is
known that humanity is ageing faster than ever. In a few years’ time, the number of older adults
will outgrow the number of young children (National Institute on Aging, 2011). Due to low fer-
tility rates and high life expectancy, population ageing will continue to rise, even accelerate: “The
number of people aged 65 or older is projected to grow from an estimated 524 million in 2010 to
nearly 1.5 billion in 2050, with most of the increase in developing countries” (National Institute
on Aging, 2011).
Ageing affects every person and it is becoming a societal challenge worldwide. It is a biolog-
ical fact every human is ageing since the day of birth. But, in Europe, due to the improvements in
health, lifestyle changes and working opportunities, ageing is increasing faster.
When we analyse Portugal’s relative position in this matter, we can notice that the population
is ageing fast. When we verify the old-age dependency ratio we can see that in 2010 this percent-
age stood at 29%, in 2030 it will be expected to be at 41% and by the year 2060 this percentage
5
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Figure 2.1: Young Children and Older People as a Percentage of Global Population: 1950 - 2050
will rise to 62% (European Commission and Economic Policy Committee, 2012).
This is an indicator that our population is becoming old, and we should start preparing our
social security systems to be ready to sustain these problems in order to provide dignity in ageing
and better quality health care services.
2.1.2 Ageing – Facts and issues related to it
Social changes that occurred in the past few years in Europe and in other parts of the world had
a strong influence in the demographic change that is occurring in industrialised countries. Nowa-
days, women are more focused on their careers, leaving the plans to raise the family in detriment
of work. The crisis that settled in Europe and in the U.S.A. in 2008 left large groups of young
people without jobs. Without jobs, there is no income. Without income, the generation that is
expected to start a new one is not able to create and sustain a family: “Europeans under the age of
25 have especially restrained from having children in the face of rising unemployment rates, the
research shows.” (BBC, 2013). As a matter of fact, a study conducted by the Max Planck Insti-
tute for Demographic Research concluded that the economic uncertainty and rising unemployment
rates affects birth rates amongst young Europeans under the age of 25 negatively (Goldstein et al.,
2013).
Another fact that is directly related to the ageing of population is the rising of life expectancy.
There are a few reasons to explain why the actual generations are living longer than the previous
generations: the advances in medicine, the cure for several diseases and illnesses that used to kill
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young children, better living standards, more nutritious diets and cleaner water. While this was
happening, more and more children reached adulthood (National Institute on Aging, 2011).
Figure 2.2: Percentage Change in World’s Population by Age: 2010 - 2050
“As people live longer and have fewer children, family structures are transformed. This has
important implications in terms of providing care to older people” (National Institute on Aging,
2007). In countries with low birth rates, future generations will have few if any relatives to provide
them support and health care as they age. This will create a need to restructure the family core
because older people, namely widows without children, can have little support and nowhere to live
if the extended family will not take them in.
Despite this issue, research in many cultural settings shows that older people, even those living
alone, prefer to be in their own homes and communities. This preference is reinforced by greater
longevity, expanded social benefits, increased home ownership, elder-friendly housing, and an
emphasis in many nations on community care (National Institute on Aging, 2007).
Figure 2.3: Living arrangements of people age 65 and over in Japan: 1960 - 2000
To sum up, we believe that the development of a device that as the purpose to help the care-
givers in providing better health care and assistance will increase older persons life quality and
will give allow people to autonomously look after themselves. This goal should not neglect that of
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allowing families will to closely monitor and interact with their cared ones: “Many technologies
have the potential to simultaneously help older adults remain in their homes as long as possible
and mitigate the workforce shortages and financial burdens that are inherent to long-term care”
(Center for Technology and Aging, 2009).
2.1.3 Age-related changes
We tend to associate technologies to younger people. Smartphones, computers, tablets, all of these
devices refer us to youngsters, children or young adults that enjoy gadgets and new technologies.
However, different authors have been alerting to the potential of these devices within different
demographic groups, such as older adults.
One of the several barriers to older people’s use of technology is the inappropriate design of the
devices because the private sector seems to have been focusing on younger demographic markets,
such as young adults. It seems that the majority of technology developed nowadays is made by and
for young males. Very little amount of technology focus the wants and needs of the older people
(Johnson, 2010). This means that many products on the market are not as user-friendly for older
people as they might be. Small buttons, fiddly controls and unnecessarily complicated interfaces
are daunting to people who may not have grown up with technology and whose manual dexterity
may not be as good as it once was. Newell highlights another aspect related to the importance
of design: the author states that, in their homes, older people do not want ugly equipment, which
would not look out of place in a hospital (Newell, 2014).
For these reasons, it is important that design be made in accordance with user needs and re-
quirements. For that, we should understand that older people will, sooner or later and most likely,
suffer changes in their physical and cognitive systems. Furthermore, there are psychological and
social alterations that are also inherent to the ageing process. So, in the next topics we will pinpoint
and identify the problems directly linked with physical changes, cognitive changes and psycho-
logical and social changes.
Physical changes
As a person ages, it is known that body suffers a decline of its capabilities. The senses become
less sharp and one may have trouble with vision, hearing, smelling, tasting and touching. This
affect s one’s lifestyle, can lead to isolation, and interfere with their daily activities and social
relationships (MedlinePlus, n.d.).
Vision
Vision changes occur as people get older. In the years after turning 60, a number of eye
diseases may develop that can change vision permanently. Despite the natural decline of the human
body, there are several vision disorders that could increase and accelerate the vision sense decline,
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such as age-related macular degeneration, diabetic retinopathy, retinal detachment, cataracts and
glaucoma (American Optometric Association, 2014b).
Understanding age-related changes to the visual system is an important goal to predict the
errors that could occur when the user interacts with a given device. Miniaturisation and new forms
of interaction with physical devices impose design challenges. For instance, designing interfaces
for smartphones and other devices with prominent visual displays requires sensibility to those
visual impairments in order to make the user interact with the device comfortably and without
exterior assistance (Pak and McLaughlin, 2010).
Presbyopia is the most common visual disorder that results from ageing. The capacity of
focusing is affected because the lens inside the eye becomes less flexible and that flexibility allows
the eye to change focus from objects that are far to objects that are close. This debility is usually
characterised by the incapacity of seeing clearly at close distances. This is translated to difficulties
in reading newspapers and restaurant menus, for example (American Optometric Association,
2014a).
Another age-related change in vision is acuity decline. Acuity is the ability to see detail and
discriminate different visual patterns. Several studies conclude that with age there is a steady
decline in acuity. This loss of visual acuity may start in a person’s 20s and then rapidly decline
after 60 years of age (Cavanaugh and Blanchard-Fields, 2014). “Therefore, user interfaces with
small text, icons or other visual elements should be avoided as they can significantly hinder older
adults’ ability to interact with a system.” (Leitão, 2012).
Older adults may also have difficulties with contrast sensitivity. This problem causes daily
activities like reading, using a computer or a mobile phone, or driving much harder than they
should. Contrast sensitivity is the capability to distinguish between dark and light parts of an
image and research has been made to prove that contrast sensitivity could be more disabling than
the decline of acuity. And because of this, high contrast between visual elements included on user
interfaces are recommended (Pak and McLaughlin, 2010).
Variations in light conditions also affect older adults’ vision capacity: “Going from outside
into a darkened movie theatre involves dark adaptation; going back outside involves light adap-
tation. Research indicates that the time it takes for both types of adaptation increases with age.
These changes are especially important for older drivers, who have more difficulty seeing after
confronting the headlights of an oncoming car”. As we age, the pupil tends to become less effec-
tive to fully dilate, letting in the right light conditions (Cavanaugh and Blanchard-Fields, 2014).
The consequence of this kind of disability is that we should avoid interfaces that alternate between
dark and light. The solution is to use similar levels of brightness in the device displays (Leitão,
2012).
Visual Threshold is a term that refers to the minimal light that is required to evoke a visual
sensation. Due to the ageing process, the amount of light needed to see effectively becomes
increasingly higher. This happens because the light receptors that we have on our retina gradually
lose sensitivity (Cavanaugh and Blanchard-Fields, 2014). Literature says that the retina of a
person over 60 years of age may receive up to two-thirds less light than that of a 20 year old (Pak
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and McLaughlin, 2010). “Consequently, seeing in the dark becomes increasingly difficult with
age, which could explain why older adults tend to become more reluctant towards going out at
night.” (Leitão, 2012).
Additionally, older adults are particularly susceptible to the problem of disability glare. This
problem is linked to a loss in visual acuity and contrast perception when an intense light source is
present. “...this relates to a problem in confronting oncoming headlights when driving. In this way,
driving can become an issue for older adults and therefore compromise factors such as mobility
and independence.” (Leitão, 2012).
Furthermore, age also affects the perception of colour. Due to ageing process, the eye lens
gradually starts yellowing and diminishes its sensitivity of short wavelengths. This makes it harder
for older adults to distinguish colours with similar hues and low contrast (Kurniawan, 2008).
Colours along the blue-yellow axis are particularly susceptible to be affected by this problem
(Leitão, 2012). It is recommended, in order to smooth this problem, to use highly saturated and
contrasting colours (Kurniawan, 2008).
Moreover, diseases like glaucoma, macular degeneration (AMD), cataracts and diabetic retinopa-
thy are not strictly age related, however, those problems tend to aggravate the vision while the
individual ages. These diseases have a strong impact in the daily life.
Glaucoma is the damage of the optical nerve that causes blindness. The principal consequence
of this problem is the loss of peripheral vision and central vision acuity. The loss of peripheral
vision affects the ability to drive, walk, and avoid obstacles and all other activities that involve the
use of this function (Jackson and Owsley, 2003).
Macular degeneration is the main leading cause for blindness of older adults in developed
countries (Jackson and Owsley, 2003). AMD is defined by the loss of central vision and even-
tually blindness. Despite the fact that peripheral vision remains intact, the loss of central vision
could be so severe that the patients lose their ability to see. The consequence of the loss of this
function is the incapability to perform daily activities such as reading, recognising faces and driv-
ing (Kurniawan, 2008).
Cataracts are commonly characterised by the appearance of cloudiness or a loss of the eye lens
transparency. This limits the entering of the light in the eye which leads to a decrease in colour
perception and contrast (MSW, 2011). “Furthermore, the lens loses its ability to focus the light
coming into the eye which results in blurred vision.” (Leitão, 2012).
Diabetic retinopathy affects people of all ages, however it is a pertinent matter because not
only do these kinds of diseases tend to aggravate as a person ages, as there are several cases of Di-
abetes onset in old age. Diabetes will in time cause alternations in the retina, which will then affect
colour perception, visual acuity, peripheral vision and contrast sensitivity (Jackson and Owsley,
2003).
Hearing
Hearing loss or the gradual decrease in how well one can hear is a problem that affects ap-
proximately one in three persons between the ages 65 and 74 and nearly half of those older than
2.1 Older Adults 11
75 have difficulty hearing (National Institute on Deafness and Other Communication Disorders,
2013). Having a difficulty in hearing could make it hard for older adults to understand others
(namely, the doctors’ advice), respond to warnings, and hear the doorbell and alarms. It could
also lead to isolation because talking to friends and family becomes very hard. It can be frustrat-
ing, embarrassing and even dangerous (National Institute on Deafness and Other Communication
Disorders, 2013).
“Hearing loss happens for different reasons. Many people lose their hearing slowly as they
age. This condition is known as presbycusis. Doctors do not know why presbycusis affects some
people more than others, but it seems to run in families. Another reason for hearing loss with
ageing may be years of exposure to loud noise. This condition is known as noise-induced hearing
loss.” (National Institute on Deafness and Other Communication Disorders, 2013).
We can group hearing impairments into three different categories.
One is the conductive hearing loss that refers to any kind of obstruction that prevents sound
signals from effectively reaching the eardrum and ossicles in the middle ear. This results in a
reduction in the perception of the sound level, making fainter sounds inaudible (Leitão, 2012).
A practical example of this problem is the accumulation of serum in the external ear canal which
results in the obstruction of the auditory canal causing hearing difficulties (MSW, 2011).
Another is the sensorineural hearing loss that results from disturbances in the inner ear, such as
hair cell loss, or from damage to the nerve pathways from the inner ear to the brain. Presbycusis is
the most common name of this disorder and is normally provoked by the continuous use of drugs
such as aspirin and antibiotics (MSW, 2011).
Finally, mixed hearing loss involves both conductive and sensineural hearing loss (MSW,
2011).
Problems related to hearing loss usually start gradually and increase at an individual’s 40s.
However, in their 40s a person could not be called an older adult (Leitão, 2012). So, we must be
sensible to develop a more inclusive product that could be used not only by older adults but by
younger persons that have the need for the product.
Psychomotor changes
Alterations at the muscular-skeletal level occur during the ageing process. The most signif-
icant symptoms are the loss of muscular tissue and the decline of bone density. The particular
reduction of these parameters has an important contribution to the reduction of capabilities, such
as strength and endurance in older adults. The lower body is the principal part that is affected by
the loss of muscular strength – then leading to problems such falls, difficult in walking and balance
issues (Cavanaugh and Blanchard-Fields, 2014). The body composition changes over time. There
are three main alterations: water percentage decrease, an increase of fat tissue and a significant
reduction of lean body mass (Barreiros, n.d.).
Conditions due to malnutrition and skeletal problems like osteoarthritis, rheumatoid arthritis
and osteoporosis with declining of physical activity and sedentary lives also affect muscular and
skeletal performance (Vandervoort, 2002). These impairments normally lead to some form of
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weakness, numbness, paralysis, aphasia, muscle rigidity, tremors, or pain that significantly reduce
older adults’ motor capabilities (Kurniawan, 2008).
“Research has shown that older adults take 30% to 70% longer than their younger counter-
parts to perform certain motor tasks, and are also less accurate in performing those movements.
Although some research has shown that older adults tend to favour accuracy over speed, which
results in precise but slow movements.” (Leitão, 2012).
Problems related to the central and peripheral nervous systems affect the sensation of touch.
Studies show that older adults have been found to sustain reduced ability in detecting vibrotactile
stimulation, perceiving differences in temperature and noticing light pressure touches. Tactile acu-
ity also suffer a huge decline, with bodily extremities being the most affected body parts (Leitão,
2012).
Hand function, manual dexterity and touch sensitivity plays an important role in the interaction
with the device. Studies have proven that the main causes of alterations in hand function as the
body ages result from the deterioration of muscle coordination, finger dexterity and hand sensation.
Despite the fact that hand function remains stable throughout most part of adult life, it begins to
decrease slowly after 65 years of age and then, after 75 years of age this problem accentuates the
symptoms such as loss of sensibility, fine handling and hand manoeuvrability in general (Leitão,
2012).
The table presented in attachment F (Barreiros, n.d.) gathers the general information related
to sensory and perceptual changes in older adults. This table refers to the study of the increase or
decrease of sensory and perceptual abilities by older adults.
Cognitive changes
Cognitive changes play a major role between the way user interprets the functioning of the
device and the way he or she perceives the device. The interfaces should be easy to learn. The
user must be able to create an adequate mental model of how the product functions in order to
handle it with dexterity (Norman, 2002).
“. . . you form a conceptual model of the device and mentally simulate its operation. You can
do the simulation because the parts are visible and the implications clear.” (Norman, 2002).
If a person is not able to create a simulation of the way a mechanism, device or product works,
it will be impossible to create a mental-model adequate to how one perceives its functioning.
Therefore, there is a close relation between the interpretation one could have of an object and the
feedback given by it. Here, the cognitive system plays an important role because it is responsible
for translating the signals received by our sensory system in signals perceived by the brain. This
translation is recognised as memory, attention, problem solving, language, etc. (Pereira, 2012).
Several studies prove that one’s cognitive system decreases sees a decrease in its capabilities
with ageing. The brain’s volume peaks in the early 20s and gradually declines for the rest of life. In
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Figure 2.4: Cognitive system function
the 40s, when many people start to notice subtle changes in their ability to remember new names or
do more than one thing at a time, the cortex starts to shrink (Association, 2006). Associated to this
change in brain performance, behaviour changes too. The most noticeable symptoms are related
to verbal fluency and the ability to find the words one wants. People also have more difficulties in
doing “executive functions” – that are the set of mental processes that help connect past experience
with present action. People use it to perform activities such as planning, organising, strategising,
paying attention to and remembering details, and managing time and space (National Center for
Learning Disabilities, n.d.). Other capacities like construction and visuomotor performance, make
long-term memories and think flexibly are also affected (Association, 2006).
In order to better explain the relation between the design of a device with a user with potential
loss of the cognitive capabilities, we will define the most common symptoms and abilities affected
by it. We found two major areas that are of paramount importance to better define our project.
These areas are the basic cognitive functions and the higher-level cognitive functions. Related to
basic cognitive functions the topics that we will address are attention, working memory, long-term
memory and perception. At higher-level cognitive functions we have speech and language, deci-
sion making and executive control.
Basic cognitive changes
Attention
Attention is a complex cognitive process that is related to several sub-processes. Virtually
all other cognitive domains, except when task performance has become habitual or automatic,
require some form of attention. A decline in this parameter can seriously affect everyday life.
Research shows that there are some forms of attention that require a more intensive study because
they might seem closely related to the process of ageing. So, theorists and researchers divided
attention in three areas in order to better understand the relations between them. The areas are se-
lective attention, divided attention and attention switching, and sustained attention (Glisky, 2007).
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Selective attention is the ability to attend to some stimuli while disregarding others that are
irrelevant to the task at hand. Basically, it is the ability to focus on a specific feature among a va-
riety of stimuli. For example, watching a movie while ignoring other patrons talking and ignoring
the sensations of an uncomfortable seat (Struble and Sullivan, 2011).
Divided attention and attention switching is the capacity to attend to and process information
from multiple sources (Struble and Sullivan, 2011). Studies prove that older adults have more
difficulties with selective and divided attention than younger adults (Drag and Bieliauskas, 2010).
Finally, sustained attention is the ability to direct attention and focus on one main task over
time. Reading a book or doing dishes without breaking them are some examples of this process
(Struble and Sullivan, 2011).
Working memory
Literature refers to working memory as a system that manage and store temporarily infor-
mation required to perform complex activities such as learning, comprehension and reasoning.
Working memory is directly related to activities that involve selection, initiation and termination
of information-processing functions such as encoding, storing and retrieving data. The process of
reading a text and then writing about it requires the use of working memory (MedicineNet, n.d.).
Working memory is an area due to executive functioning, which refers to structures and pro-
cesses used for temporarily storing and manipulating information such as the capacity to remember
several numbers and summing the total. This type of memory should not be confused with short-
term memory, which is defined as the ability to hold information in memory for a short period of
time, for example, remembering a phone number one just heard while dialling the number (Stru-
ble and Sullivan, 2011).
Long-term memory
Long-term memory is related to the way we store permanent information. That kind of infor-
mation we use it to remember learned movements and behaviours for example (Fisk et al., 2004).
An important characteristic of the long-term memory is the semantic memory, that is the fa-
cility to acquire factual information during lifetime, such as the meaning of words, historical facts
and general knowledge (Fisk et al., 2004).
Another important form of long-term memory is the prospective memory. This type of mem-
ory refers to the ability of remembering to perform tasks in the future and it is divided in two
subgroups: event based and time based. The first one refers to doing some task after a certain
event, for example shutting down the oven when cooking is finished. The second is related to
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time, in other words, it is a task that is triggered after a certain amount of time, for example, re-
membering to deliver a rental car on a certain date. Literature refers that, in prospective memory,
the time based tasks usually suffer a greater decline than the event based ones (Fisk et al., 2004).
Another characteristic of long-term memory is episodic memory, which is related to the mem-
ories of personal experience of the individual in a particular place and at a particular time. This
type of memory allows one to think back through a subjective time and usually evokes an “I re-
member” response. This form of memory is the most susceptible to get damaged by normal ageing
because it is the most advanced form of memory and it is ontogenetically the latest to develop 1
(Glisky, 2007).
Procedural memory implies the knowledge of skills and procedures that allow us to ride a bi-
cycle, play guitar, or use a computer. These skills require an intensive practice. So, once acquired,
this type of memory is expressed automatically in performance and is not easy to describe. It is
very difficult to explain how one rides a bicycle or explain how one reads. This form of memory
normally does not decline with age (Glisky, 2007).
Lastly, we have implicit memory that refers to a type of memory in which a previous expe-
rience indirectly influences an individual’s behaviour without intentional retrieval or conscious
recollection of this experience. For example, trying to remember what one had for breakfast re-
quires a conscious and intentional recollection of previous experiences and information. Knowing
how to ride a bicycle, however, is unintentional and does not require conscious recall of informa-
tion (Struble and Sullivan, 2011).
Perception
Perception has been known to be a set of processes that occurs before cognition. However,
literature refers that the line that separates perception from cognition is very tenuous because
these two domains are interactive with top-down cognitive processes which affects perception and
perceptual processing having a clear impact on cognition. Results from a range of large-scale
ageing studies has demonstrated that a significant proportion of the age-related variance in several
cognitive tasks can be accounted for by hearing and vision loss and that once these sensory dif-
ferences are statistically controlled, there are no longer age differences in cognition functioning.
This subject is of paramount importance because the declining of sensory and perceptual abilities
has implications on older adults’ everyday life. “Hearing loss can isolate older people, preventing
them from engaging in conversation and other social interactions. Visual impairments can limit
mobility and interact with attentional deficits to make driving a particularly hazardous activity. As
older people develop strategies to compensate for declining sensory abilities, the ways in which
1The development of an individual organism or anatomical or behavioural feature from the earliest stage to maturity.
Source: http://www.oxforddictionaries.com/definition/english/ontogenesis
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they perform other cognitive tasks may also be less efficient.” (Glisky, 2007).
Higher-level cognitive changes
There are three main domains that are strictly correlated with higher-level cognitive functions.
They are speech and language, decision-making and executive control.
Several studies prove that older adults’ capacity to develop speech and conversations actually
improve with age because the vocabulary usually gets more extensive and this will provide more
elaborate conversations and speeches. Linked with the capacity of speech is the process of hear-
ing to and this function decrease turns up to be a huge obstacle during the conversations because
this affects self-confidence, but even under this conditions they seem to be able to maintain good
levels of comprehension by the capacity of using context to interpret the message. However, the
use of this compensatory top-down processing affects negatively the functional capacity of work-
ing memory. To conclude, research reveals that older people do not loose language kills, to the
contrary, they usually improve them (Glisky, 2007).
Decision-making is another cognitive function of paramount importance, not only because it is
directly related to the brain capacity of solving problems but also due to the fact that this function
has an impact on daily routines. There is not much research made about this subject, however it
is known that this ability is evolving through a person age. An older person react different than
a younger person about the same type of decision. Basically they support their decisions on dif-
ferent aspects. Older adults tend to rely on prior knowledge instead of new information, on the
other side, young adults tend to support their decisions with new information. This kind of ap-
proach allows the appearance of more alternatives to the problems that occur. Decision-making is
affected by problems due to a decline of episodic memory. To sum up, older adults tend to rely on
other person opinions than the younger adults and this makes them susceptible to scams and bad
decisions (Glisky, 2007).
Executive control is a complex structure that takes part on many different activities executed
on a daily basis. Processes that involve planning, organisation, coordination, implementation and
evaluation are all linked with this complex system. And one of the most significant and important
aspects of it is the ability to readily perform tasks which we have no previous knowledge about. “A
parsimonious explanation of cognitive ageing ascribes a causal role to executive control deficits.”
(Glisky, 2007).
2.1.4 Attitude towards technology
“Technology is being regarded as an effective mean for older adults to stay healthy, independent,
safe, and socially connected. With its role in improving older adults’ quality of life, technology is
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gaining increasing attention as a potential solution.” (Lee and Coughlin, 2014).
Nevertheless, we must keep in mind that we are designing for a certain user group. In order
to make technology accessible to everybody we must understand the gaps between generations.
Nowadays, since early days children get in touch with smartphones, tablets and software. Studies
have been made to prove an increase of the use of tablet computers by children aged five to fifteen
years since 2012 until 2013, and over 1 child in 4 (28%) aged three to four uses a tablet computer
at home (Formby, 2014). However, the older generation of today did not have access to those
kinds of things in their early days. They may get other kinds of experiences, but the interaction
with technology is something new that has to be demystified and learned. But, sometimes, it is not
just the social context, it depends also on several factors that we cannot control. That is why we
must make technology accessible for everyone, and also make it as simple and intuitive as possible.
Chaiwoo Lee and Joseph F. Coughlin conducted a study in which they determined that there
are 10 factors that influence older adults’ technology adoption.
These factors are the value perceived, i.e. the perception of usefulness and potential benefit. It
is important to clearly show a technology’s benefits and utility. A technology should have added
value that older users can easily see and understand.
Usability is an important factor because most of the products that are developed for elderly
people interact directly with them. So, the ease of learning and use become essential. And it is
even more important when those users face physical and cognitive impairments and have lower
overall technology familiarity. “While it is important to meet older adults’ needs by providing
practical benefits, it is critical to make technology easy to use so that such benefits are realised.”
(Lee and Coughlin, 2014).
Another factor is affordability. High costs of technology drive older adults away from using
technology. Unless the fact that technology has been prescribed by the doctor, it will be very diffi-
cult to make them pay large amounts of money for technology. Even though assistive technology
systems have the potential for eliminating long-term future expenses for hospital visits and disease
management, the costs related to the purchase and use of the systems may seem uneconomical as
the benefits are not immediate.
Accessibility or the knowledge of existence and availability is determinant. Even if a technol-
ogy is specifically designed and manufactured for older adults, the marketing department should
make sure that the right channels are being well directed. Or else the product will not reach its
target audience. We must keep in mind that, commonly, older users are less aware of new tech-
nologies that could be helpful to them. It is essential to let older users know that the technology
exists, as lack of awareness and knowledge can act as barriers to adoption.
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Another factor is the technical support provided by the sellers. Due to the unavailability of
technology education and experience in the earlier stages of their lives, technical support and
proper coaching is essential for adoption. When faced with new technology, older adults tend to
express a lower level of familiarity and trust compared with younger people. Older adults tend to
dislike technology that requires too much effort in learning or using (Lee and Coughlin, 2014).
By providing accessible support to older adults, or by better communicating the availability of
existing services, technology can be made more attractive.
Older adults often rely on peers for validation of behaviours, including purchase and use of
technology. So, social support provided by peers and the need for social acceptability, characteris-
tic of the human kind is another factor. “People within older adults’ social groups, such as family,
friends, and community members play an important role in the adoption process, acting as “tech-
nology champions”. At the earlier stages of adoption, they foster better awareness of technology
and its benefits. Later, they act as advocates of technology, promoting use and providing guidance.
In other words, social support is necessary to overcome barriers to adoption. “ (Lee and Coughlin,
2014).
Studies show that older adults are very vulnerable in what concerns emotions. Despite wanting
to live independently, they need to get social interaction and they need to feel cared by their peers.
The main problem is that technology may be seen as a barrier between older adults and caregivers
if technology is regarded as a substitute of caregivers. If technology substitutes caregivers, older
adults may feel that they do not receive attention and affection. In order to overcome this barrier,
design of technology should be based on considerations of the emotional aspects. Technology
should interact with the user and provide them feedback. The attraction to any new product is its
ability to link the user to something they feel (Lee and Coughlin, 2014).
The factor of independence is crucial to prevent stigmatisation and protect older adults’ auton-
omy. “Older adults wish to remain independent as long as possible despite the age-related changes
that may cause their caregivers to consider support services.” (Lee and Coughlin, 2014). By being
able to take care of himself, an older person will be more satisfied and happy. This cause a sen-
sation of well-being and quality of life. So, is of paramount importance to develop systems and
products to prolong this quality of life. This will improve caregivers’ functions and provide more
dignity in ageing to the older adults.
Another factor discussed was the relevance of previous experience, or in other words the per-
ceived familiarity and previous knowledge. Older adults tend to be more confident with something
they already know. Studies have found that older adults dislike or have difficulties understanding
technologies that seemed unfamiliar, such as medication organisers and wearable sensors (Lee
and Coughlin, 2014).
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Last but not least, there is confidence – more specifically the freedom from intimidation and
anxiety. Literature refers that actually older adults are in fact interested in using new technologies,
however their level of confidence in interacting with high-tech devices is generally lower than
that of younger people. Studies have found that anxiety is positively correlated with age while
self-efficacy is negatively correlated, meaning that older adults are less self-confident and more
anxious when using technology. In a study about alarm pendants, older adults indicated that they
are afraid they might unknowingly push the button and call the monitoring centre. “It is important
to let older adults feel confident about technology, since lack of confidence can lower the perceived
benefit, satisfaction, and likelihood of repeated usage. To enhance user confidence, it is important
to build intuitiveness and robustness into design and to provide appropriate training. Through in-
tuitive design, technology can be made less difficult for older adults. Systems have to be designed
with appropriate cues and directions to prevent mistakes and to let them know that they are doing
the right things, so that confidence can be built and reinforced.” (Lee and Coughlin, 2014).
These factors meant to serve as a set of goals that help designers and developers of technology
to provide users a better product and a better experience. The factors can be applied to various
types of technology in order to improve older adults’ interaction with technologies for their secu-
rity, health, independence, mobility and well-being.
2.2 Usability
In this topic we aim to demonstrate and connect the several methods to evaluate the usability of a
product. We will analyse them and make the connection with our project, explaining which are the
most suitable to use during our product development phase. In order to achieve this goal we first
need to define what usability is. We will also identify and analyse, among the existent methods,
the ones that best fit our project.
“The objective of designing (. . . ) for usability is to enable users to achieve goals and meet
needs in a particular context of use.” (ISO 9241-11). By definition, usability is an extent to which
a product can be used by specified users to achieve specified goals with effectiveness, efficiency
and satisfaction in a specified context of use. In order to provide a better understanding of the
concepts related to usability we will define them accordingly to ISO 9241-11 in 2.5.
Firstly we need to know that there are empirical and non-empirical methods for usability eval-
uation. The empirical methods are the ones that actively involve the users. We need to be with
actual users to collect information and data related to usability. The non-empirical methods are
the ones where no participants are required at all because these methods do not directly involves
the user.
20 State of the art
Figure 2.5: Definition of usability concepts.
Empirical methods
These methods are used when participation of the users is required. These kinds of methods
have the advantage that we could get more accurate data because we are collecting the informa-
tion directly from the persons who are trying our system. Another advantage about using these
methods is the interaction that we could have with the user and the possibility of observing their
behaviours, their hints and their feeling about the product. The main disadvantage about the use
of empirical methods is related to logistics. It is very difficult to control and synchronise a group
in order to test one device. It is necessary that we have the facilities and the means to provide the
group a close to reality experience as much as possible. Another issue is related to the prototypes.
If we want the most accurate data possible, we need to provide the participants with prototypes as
similar as possible to the final version and that will increase costs.
We will now characterise and describe some of the most used methods by the designers during
the project development.
Co-discovery
This method is applied when the investigator has two participants and wants to induce a ver-
balisation between them about a certain product or service. This method is very effective to find
usability issues. By the analysis made by the participants to the product, the investigator will take
notes about the interaction with the product. Usually, when this method is chosen the participants
are friends or relatives. This bond provides an informal analysis to the product because they fell
more comfortable to speak and explore the object as a group.
The investigator can have an active participation in the exploration of the product by providing
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them hints and instructions about the use of the product and can also pose questions about what
they are wondering during the interaction with the product. The facilitator may give direct instruc-
tions for them to perform particular tasks or give general hints in order to guide them through the
experience. His main role is to observe and listen the participants’ handling and verbalisations
about the product.
The main advantages of using this method are the verbalisations during the entire process.
This will help researchers to clarify and identify possible errors and because the investigator is
directly speaking with the participant, he will be forced to rationalise and think about the problem.
By verbalising the problems that participants encounter, they can give a clear indication of why
these problems occur. The spontaneous interaction between the participant and the researcher also
leads to an honest description of the test made and the problems found.
Even though the advantages of this method seem to be valuable, there are some problems re-
lated to verbalisations because the participant could get distracted form the task of exploration that
he is doing. This will have an impact on the reliability of the data gathered. Another issue that we
may get by applying this method is related to the control of the session by researchers because if
we let the participants take lead on the speech we will not get the chance to control the direction
that we want to cover (Jordan, 1998).
Focus groups
This method consists of gathering a group of people and setting them to talk about a certain
subject. It will require a discussion leader in order to promote the democratic discussion of the
issue and to ensure that all the participants have the chance to talk. Normally the leader develops
an agenda which may be a bit loose in order to promote some parallel discussions that may be
interesting to the researchers and to guide the discussion.
The main advantages of this process is that it could be used at any stage of the design pro-
cess because participants can discuss a prototype, a concept or an experience and due to the loose
structure of the agenda, participants have the opportunity to raise issues that the investigator might
not have anticipated. Also the dynamics created by the group could play a major role because the
issues raised by some participants could stimulate ideas from others.
If the investigator wants to obtain quantitative data, this method is not the most suitable one.
Another problem that we may anticipate by using this method is that the opinions of the most
dominant persons in the group could affect the issues raised by other participants (Jordan, 1998).
User workshops
A user workshop involves gathering a group of participants and letting them discuss issues
related to a product’s design and usage. Normally the participant gets involved in the process
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of design and development a new product. The participation could be only setting a list of re-
quirements in terms of usability and functionality but can also be sketching some ideas with the
designers and developing some concepts.
Despite the resemblance with the focus groups method, here the participants get more involved
in the process rather than simply discussing the issues. It is suitable for participants to experience
and get engaged in the “design” process.
By getting the participants directly involved in the design process the investigators can directly
ask for users’ opinion and their requirements and because of this close relation the participants can
translate those requirements into design solutions.
There are some disadvantages of using this method, the main one being that it might be ques-
tionable to involve the participants so close to the design process. Another major disadvantage is
due to the time that this method requires to be properly used. It will be difficult to engage partici-
pants and let them spend a large amount of time with this process (Jordan, 1998).
Think aloud protocols
Through this method, participants are asked to verbally express their thoughts about the in-
teraction with the system during use. The investigator could ask the participant to perform some
particular tasks in order to touch some points that he wants to clarify. During the development of
this process it is expected that the investigator prompts the participant to express his thoughts by
asking them form example “What are you thinking now?” or “Why did you press that button?”.
These verbalisations may provide information about the satisfaction component of usability.
The interference of the participants’ verbalisations makes it possible to understand not only
what problems they have with the system, but also why these problems arise. This type of process
is a good way to extract lots of information from a small group of participants because each par-
ticipant can provide rich prescriptive information.
The interference between the verbalisations and the tasks performed by participants is pointed
out as one of the big disadvantages of this particular method. Another disadvantage is the fact
that while the participant is verbalising his actions directly to the investigator his actions could be
affected by his temptation to rationalise and not express his feelings (Jordan, 1998).
Incident diaries
This method requires that participants take notes about any problems they find when using a
product and its description. Then it will be asked how they solved the problem and everything
is written down. With this method researchers also use some scales to measure some abstract
concepts. Using a Lickert Scale or a Visual Analog Scale are some examples of those types of
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measurements. This method can also be used in conjunction with other methods allow to re-
searchers have different perspectives of the problems that uses have.
This method is cheap in terms of investigators effort and time because after the set of questions
is decided he only needs to send them to as many users as necessary. In terms of facilities this pro-
cess is also cheap because it does not require audio recording devices, laboratories and cameras.
The method is one of the most effective for gathering the information related to usability in charts.
The principal disadvantage of this method is related to the accuracy of the data because there
are no guarantees that the user will always describe exactly the problem that he is experiencing
and also the vocabulary that he uses may not be suitable or understandable for the researchers
(Jordan, 1998).
Feature checklist
A feature checklist is a list of product’s functionalities on which users are requested to mark
the features that they used during the interaction with the product. This method is useful to com-
plete and develop the requirements list of a product. However, this method is more effective in the
context of the finished products that already have been in use for some time and the information
gathered will serve to develop an iteration over the product design.
The main advantages of this method are its ease to do and the lack of expensive materials to
perform this evaluation and also it is an effective way to have an overview on how a certain product
is being used.
However, this method does not provide much useful data for researchers use to directly evalu-
ate usability and the information gathered will depend much of the interpretation of the researcher
(Jordan, 1998).
Field observation
This method demands that the researcher goes directly to the users’ environment and observes
them interacting with the products. This provides rich information about the performance of the
user in his or her comfortable environment rather than at a laboratory conditioned by the imper-
sonal environment. The interference of the investigator depends on him and the level of informa-
tion that he wants to collect. It is important that the presence of the investigator is as minimal as
possible in order not to compromise the user’s performance because if the users are aware of his
presence they may consciously or subconsciously alter their usual performance and approach to
the product. The analysis of the data gathered by this method is very complex due to the expecta-
tion of the user’s performance the researcher cannot anticipate which concepts are more suitable
to be evaluated a priori.
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Despite the complexity of the data generated and the preparation of this evaluation test it prob-
ably is one that comes closer to the reality and this could be used to analyse situations where the
user’s performance need to be counted to the second.
The principal disadvantages of this method is related to the complexity of analysing the data
and the capacity to perform this tests only with finished products (Jordan, 1998).
Questionnaires
Fundamentally this method results in develop a set of questions related to the product that we
are analysing and with the points which we want to focus and evaluate and then ask for the par-
ticipants to fill in the survey. However, there are two categories of questionnaires, the ones which
require fixed responses and the ones which are open-ended.
The fixed response questionnaires usually present to the participant a set of questions with a
set of pre-determined answers on which the participant will choose one or the ones that he finds
more appropriate. This type of questionnaire also work with scales on which the participant is
invited to mark on those scales his level of agreement or satisfaction. The use of scales serves to
simplify the task of using semantics to describe a feeling or an action. This results better when the
researcher wants to evaluate abstract concepts such as pain, comfort, efficiency or effectiveness.
With open-ended questionnaires the participants should give his personal opinion without be-
ing influenced by the pre-stated answers. This type of questionnaires are particularly useful in
situations where the researcher does not know what the most important issues to be approached
are. Unlike the pre-established answers that need to be framed specifically enough to produce a
meaningful answer to the the participant with open-ended questionnaires the participant has more
liberty to express his feelings about a situation that he experienced.
This is a very cheap method to gather large amount of information and easily cover large
groups of study at little extra cost. The versatility of this method also allows to the researcher to
use it in different stages of the design process. Due to the fact of the investigator does not to be
present when the questionnaire is being filled it is a method free of “investigator influence”. The
possibility of anonymity afforded by questionnaires also allow to participants be more free and
honest with their responses.
The main disadvantage of this type of process is that without the presence of the investigator
only a small portion of the questionnaires sent are returned and this is fact relies on the effort and
compensation that the participants need to expend to fill the questionnaires (Jordan, 1998).
Interviews
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With this process the researcher needs to compile a series of questions that he or she will di-
rectly ask to the participants. There are three categories of interview which are the unstructured
interview, the semi-structured interview and the structured interviews.
The unstructured interviews consist on a set of open-ended questions that will be made by the
investigator. This type of interview provides the opportunity to participant guide and conduct the
discussion to the areas that he or she found more important.
With semi-structured interviews the investigator usually have a clearer idea of the subjects
that he or she wants to aboard and leaves a space for the participants talk about the subjects that
they found important to cover, however the investigator already guarantees that he has his points
covered.
Structured interviews allows to investigator the full control of the subjects that will be covered
during the interview and it is normally use scales to measure and rate the participants performance
with a product interaction. This type of interviews lead to a more structured and methodical com-
pilation of data.
The advantages of interviews is that they can be used in every stage of the design process and
due to the fact of the investigator administers the interview directly to the respondents, the likeli-
hood of the respondents misinterpreting the questions is less than with the questionnaires. Another
advantage of interviews rather than questionnaires is related to the control that the investigator has
by selecting the candidates while the questionnaires could be less accurate by selecting the group
of study.
Disadvantages are related to the costs which are much higher than questionnaires and also the
presence of the investigator could lead to a distortion of the data gathered. The anonymity plays
an important role here because even though if the investigator will not spread the results of the
interview the participant will not be so ease to express himself (Jordan, 1998).
Valuation method
This method was created to let users compare and analyse particular features of a product. The
main purpose of this process is to ask users if they pay more or less money to include a certain
feature on the product. This will let investigators realise if there are some requirements that need
to be rearranged during requirement development. It is particularly useful during the requirements
capture as a way to comparing the potential benefits of different features.
This particular technique as opposed to questionnaires, focus groups and interviews allow to
the researcher to gather quantitative instead of qualitative data. This is important because quantita-
tive data gives a direct measure of preference and it turns easier to researcher to make judgements
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about the comparative importance of each issues rather than the qualitative data where the re-
searcher needs to interpret the information provided by the participants. Another plus point while
using this technique is related to the fact that the participants are “working” in their comfort zone
and their responses are anchored in a comparatively solid and familiar context that is due to mak-
ing a purchase decision.
The only concern with this method is related to its accuracy. Despite the fact of the informa-
tion gathered reveals a quantitative number that allows to investigators realise which feature of a
product are more suitable to exist, there are no guarantees that the user will spend in reality the
money on the product. This will only serve as a guideline and not as a rule (Jordan, 1998).
Controlled experiments
This method is very straight and is used when the researchers knows exactly the information
that he want to gather. This experiments in general are very controlled and without outside inter-
ferences. The aim of this process is to isolate the exact performance that researcher wants to be
examined as clearly as possible.
Due to the “purity” of the information generated the method is good to evidence small details
and tasks that the investigator wants to pay attention that could not be so eye catchy with other
methods. The information generated could also be used for making inferential tests for statistical
significance.
The principal disadvantage of this process is the artificiality on which the tests occur. The
“laboratory environment” tends to create noise which will affect the results of the participants in-
teraction with the product (Jordan, 1998).
Private camera conversations
This usability evaluation method consists on put a participant inside a private booth and ask
them to talk to a video camera about a certain subject that the researcher wants to clarify. It is
given to the participants a briefing about the subject that will be explored and then it is suggested
to participant start his conversation by setting a general question that will guide the participant’s
talk.
The evident advantages of this process are that the participant will not be constrained the pres-
ence of the investigator and the atmosphere less formal compared to other evaluation methods
could lead to a more loose and honest performance by the participants. The video tapes are also a
very good “evidence” to keep and to review when compared with other formats.
The downside of not having an investigator in the room so that the participant could derive his
monolog to a subject different than the one it is expected and the researchers will not have any
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control about it (Jordan, 1998).
Non empirical methods
This methods typically do not involve any participants and those are the ones that we used
most in our research due to the difficulties on gathering participants to perform all of those evalu-
ation tests previously described but also due to the time and easiness to perform this type of tests.
Task analysis
Task analysis aims to clarify the processes and resources that are being used to accomplish a
result. So, deriving from here the task analysis defines which are the user’s means and activities
need to to perform in order to achieve a certain result.
The major advantage of this method is that not require any participants. This is particularly
helpful when it is difficult to the researcher gather a group of participants to perform his evaluation
tests. It also can be interesting to prescribing potential solutions to usability problems because if
the investigator listed all the steps required to complete a certain task it may be possible to see
how a product can be designed.
There are a few disadvantages related to this process. First is due to the assumption that the
task analysis is being made by an expert and has high proficiency managing the product. This will
reflect on the task list developed and its level of efficiency. Secondly there are also problems re-
lated to setting the accurate number of steps required to each task because different persons could
need different number of steps to understand the product and perform successfully its interaction.
There are also a huge concern in using this type of evaluation technique to be used as design basis
because the solutions found with this process tend to minimise the number of steps rather than
minimising the demands associated with each step (Jordan, 1998).
Personas
Personas are archetypal users that represents the needs and expectations of a large group of
persons. “They act as ‘stand-ins’ for real users and help guide decisions about functionality and
design.” Personas are developed having in mind a particular type of user and his expectations,
goals and motivations. Also there is given names, photo, personalities and quotations in order to
provide a better engagement between the persona development and the researcher analysis of his
group of study. This is a complex evaluation method because in order to produce accurate results
the investigator needs to be careful with the information generated while he is constructing his
persona (Calabria, 2004).
The main advantage of this method is due to amount of information that can be generated with
a persona and although personas are fictitious they provide information about real users. It is quick
to develop a set of personas and the designing team will be focused on develop a product to this
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exact persona which lead to not create a dispersion of the efforts to the team and concentrate their
energy to that exact “person” disguised as user.
The disadvantages of this process are the complexity required to develop an accurate persona
and the quality of information that could come from it.
Property checklists
This process list a series of design properties which, according to accepted human factors
“wisdom”, will ensure the usability of a product.
The fact of do not require any participant to perform this test is convenient and an advantage.
It is an advantage too that this technique can lead directly to design solutions and this process can
be used throughout the entire design process.
The accuracy of the results generated by this technique is dependent of the “expertise” level
of the person which compiled the checklist and the investigator (Jordan, 1998).
Expert appraisals
This method consist in consider the opinion of an expert in usability that will provide informa-
tion about the issues of the product that he or she is analysing. This require professional training,
education and experience to make the expert able to perform this type of evaluation. It could be
more than one experts doing this test and that will allow to compare assessments of the product
usability’s evaluation.
The advantages of this method are that the investigator can rely on his knowledge to design for
usability and found immediately the solutions to the issues regarded. No participants are needed
to perform this type of evaluation test and this also a good method for providing diagnostic and
prescriptive appraisals.
The main disadvantage is that there are no direct relation between the discovers made by the
user and the ones that could be encountered by users (Jordan, 1998).
Cognitive walkthroughs
This process is very similar with the expert appraisal, however with the cognitive walkthrough
the expert investigator approaches the evaluation form the point of view of a typical user trying to
perform a particular task. The role of the investigator is try to predict the difficulties that will be
faced by the user and this judgement is based on the investigator’s assumptions about the effect
that the behaviour of the product’s interface would have on the users in the light of their cognitive
abilities and expectations.
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An advantage is that this method is quick because the investigator does not need to run trials or
analyse data and do not require participants. Also an advantage that this process have over expert
appraisals is that the assessment is anchored in the comparatively concrete context of performing
specific tasks.
The big disadvantage of this method is that the entire process rely on the capabilities of the
investigator and his judgement and if the inputs are not well provided the final results will lack on
accuracy (Jordan, 1998).
2.3 Wearable devices
In this chapter we focus on the products that already are in the market. By collecting that data,
we intend to compare these products and connect the findings with our project. In order to do
that, we will approach the subject by the market perspective, by searching what he global market
has to offer in terms of wearable technology and then analysing the most significant features of
every device in order to see the innovations in this field of activity. The next phase goes through
the particular analysis of the devices which are more similar to our own. The chapter concludes
with useful information for the design of our device. To close the chapter we will approach the
quantified self-subject in order to provide the reader a perspective of the wearable technology and
where it could take us.
2.3.1 Method applied
We started by analysing the information about this kind of market. In order to do that, we searched
information related to market size, the segmentation of this market and major players. Then we
wrote a group of keywords related to wearable devices and technological products to gather an
idea about the state of the art. The figure below provides an idea about the kind of devices that we
found during this first general search. The idea behind this approach was to identify and be aware
of the kind of products and devices which are being produced at the moment and to identify the
ones which have more resemblances with our project.
By using this kind of methodology, we could verify that circa 45% of the images we collected
had some kind of reference to a watch or a smart band. This reveals a certain consistency of
the accessories that incorporate sensors. The set of keywords used in this phase was: wearable
devices, wearable health monitoring, ubicomp2, personal health devices, monitoring devices, ac-
2Ubiquitous computing is a concept based in software engineering and computer science. The main characteristic
of those computers are that they could be located anywhere and everywhere. The objective is that a person can interact
with a computer in any surface, with any form, at any place and use anything as a device. The most significant feature
of these concept is that it is so omnipresent and constant that no one will notice that it is there.
Source: http://www.rcet.org/ubicomp/what.htm
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Figure 2.6: Wearable devices image research
tivity tracking and smartphone sensors and we collect a total of 317 images related to wearable
sensor devices. This method served to identify the most common devices that exist in the market
and see some concepts too. Related to ubicomp technology we found some concepts that were
very interesting, however, they did not seem to have an immediate application in our project right
now.
All of the key words gave similar images. However, we could identify some of them that were
more related to sports, others with health and others with entertainment. These are the three main
categories into which the wearable devices market is divided.
After this stage, the next step taken by us was to downsize the number of devices and gather
the ones that we found more interesting and the ones with the most innovative features, functions
and forms. By doing that we reduced the search in about 90% when compared to the first ap-
proach. This was a very important phase because here we are starting to have the guidelines to
start developing our device. However, this will not lead us to any kind of solution yet.
Next phase consisted in downsizing even more the products that we already had and analysing
them by gathering information about the type of device, cost, feature, forms, year of development,
country of origin, the typical user and the innovation that the product introduced to the market.
With this information we were able to create a table that allowed us to make a comparative analy-
sis among all the devices.
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Figure 2.7: Wearable technology worldwide projected total market value from 2012 to 2018.
In appendix A we can view the tables used to do the comparative analysis.
2.3.2 Market research
The research we made shown that the wearable device market is expected to grow to an 8.3 billion
U.S. dollars by the year of 2018. And as we can see in the graphic below it is increasing year
after year. And nowadays, several studies are been made in order to understand the trends and
the acceptance of these kind of technology by the part of consumers. BI Intelligence3 estimates
that the global market of wearable devices will grow at a compound rate of 35% over the next five
years (Danova, 2014). There will be 148 million units shipped from the United States annually in
2019 (Danova, 2014). They also refer that the smartwatch will be the leading product category in
the future and the other products as fitness bands and miscellaneous wearable device types such
as glasses or clothes will fill the niches who appeal to these kinds of devices.
The market of wearable technology is divided into three main categories which are fitness
and wellness, healthcare and medical and infotainment. Each one of these offers different kinds
of devices. And while we were doing this research, we identified the companies that have been
pioneers in this market. The next graphic shows the companies that have the biggest share of the
market, gathering between them a total of 293 million U.S. dollars in sales between April 2013
and March 2014. The information of this graphic is related to full body activity trackers and these
devices monitor the activity of human body and their principal purpose is to quantify the calories
3BI Intelligence is a research service from Business Insider, and they provide information about technological
products. They publish reports, news, charts and data focusing on key digital areas such as mobile, social, e-commerce,
digital video, payments and other technology.
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Figure 2.8: Global market share of full body activity trackers between April 2013 and March 2014
making a total of $293 million in sales. Almost four times more the previous year.
we ingest, how many kilometres we run, number of steps, and so on.
And as we can see in figure 2.8, Fitbit and Jawbone have the majority of the market share. This
is explained due to the fact that they were the pioneers in this industry and in this particular seg-
ment. The first Fitbit device allows the user to measure calories burned during exercise, distance
covered and monitors sleep performance. The year of foundation of this company was 2007. On
the other side, even though Jawbone was one the first companies showing in this this market, only
in 2011 did they make their devices available to the public. However, they improved their system
and it allows to do food logging, count the flight of stairs, and do a better job in the tracking and
analysis of the activities performed such as jogging, walking or sleeping. These companies set
the pace to the others that follow them and even today they are the ones who continue leading the
market. Not only because they were pioneers but because they continue evolving and innovating
their products and features (Hof, 2014).
In the graphic presented in figure 2.9 also shows the shipments divided by device type. This
information allows us to conclude about people’s choice, in terms of the most used devices.
During our process of image search, the most common devices that we found related to fitness
and wellness were smart clothing, armbands, smart sport glasses, activity monitors, sleep sensors,
pedometers and tracking devices. Those that were the most common due to healthcare and med-
ical devices were the glucose monitors, drug delivery help devices, monitors, wearable patches
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Figure 2.9: Wearables: Global Market by Device Type.
and devices that provide patient health information to caregivers. And the most common objects
related with the infotainment market are smart watches, augmented reality headsets, jewellery and
smart glasses.
However, whilst the market is segmented into those three main categories, inside them we can
see further segmentation in terms of the object itself. During our research we found that the acces-
sories categorised as wearable devices are segmented into six different kind of apparatus which are
watches, glasses, clothes, smart bands, jewels and smart headgear. Those are the principal kind of
objects that are most commonly used as wearable devices. This indicates that, we believe, people
are not willing to use new accessories. For this reason, companies are adapting sensors and other
electronic devices to objects well known to the typical user.
We also verify that most type of existing devices are the ones to put on the wrist, such as
watches and wristbands. As we noted in the beginning of this chapter, almost 45% of the images
collected were wristbands and watches. However, we identify a trend indicating that wearable
devices will turn more discrete. And in the future, they could even have no physical appearance.
They will be there when the user needs them, but while it is only collecting data, it will be under-
cover or hidden.
Nowadays, there is a tendency to put sensors everywhere (Tally, 2014). However, people want
to make them disappear or turn them the less intrusive as possible. Everywhere and nowhere is
the basic concept of ubiquitous computing.
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Figure 2.10: Ubiquitous computing. Bracelet with a projector that turns any surface in a touch-
screen.
2.4 Interim conclusion
The main purpose of the development of this chapter was to gather information about the health
problems of the older adults. Physical and cognitive problems. Those issues will affect the users
performance while he/she interacts with the device and only when we were aware of the principal
characteristics of this group of users we will be ready to develop the project.
Problems related to fine manual dexterity and amplitude of movements are of paramount im-
portance to our design because these kind of health problems will seriously decrease the quality
of life of the user so we need to adapt the device to the most difficult situations that we can find in
order to develop an apparatus that could be usable by everyone.
In this chapter we also approach the theme of usability and describe the ways to evaluate that
concept. By knowing the different kinds of evaluation tests that exist we can decide which kind of
test is suitable to use on different project phases. This help us during prototyping and during the
requirements analysis.
Chapter 3
Project development
3.1 Product analysis
To start our development we focused our research on devices applied in the medical field princi-
pally due to the scope of our work being strictly related with seniors. Medical devices may assist
older, but most medical wearable devices we reviewed were designed to become part of the user’s
daily routine. The majority of the devices that we found seem to be prototypes and they are de-
signed only for functionality. This leads the user to be forced to adapt to technology, rather than
the other way round.
During research we found several devices that did not meet some basic features, such as being
water proof, which will render them uncomfortable and unable to be used in the shower and then
put back on again. Others fit his purpose well in the hospital but not in the user’s home. They
have features proper of hospital environments. This is not a requirement in our project, on the
contrary, we want to make our product an object that the user is proud to use. The product should
also reassure the user regarding safety and security.
Secondly, we found two devices that have the same features and purposes as our project, how-
ever, we did not find any mention to the way the user could interact with the device or even teach
him or her how to use it. One of them, represented in figure 3.1 is a sensor that is attached to the
user’s body and when the user falls the device communicates to a central phone base indicating
that the older person fell. Yet, we believe that this is not enough. The user needs to have feedback
about the state of the device. If it is working or of it is doing its job. This is of extreme importance
for technology to be accepted by the user. We believe that attaching the wearable device by means
of an adhesive is not the best option. We want to provide the user an experience of comfort and
control over the device. Not to mention that the adhesive should be changed often.
The second device that we analysed, presented in figure 3.2 is very similar to the first in terms
of concept and use, however, this device is to carry on. It has a chain which allows to user to put it
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Figure 3.1: Vigi’FallTM. A sensor that emits an alert when a person falls down.
on his/her neck and carry the device like a necklace. We think that this solution could be pleasant
to the user because he or she could hide the device underneath the clothes, thus providing a sense
of privacy. This product is water and impact resistant and has an instructive voice which facilitates
the use.
Figure 3.2: Numera Libris. Fall detector device.
During our research only a few of the medical wearable devices we found show concern in
terms of form and design of the object. The ones fulfilling this requirement are the ones which
apparently are more successful, developed and innovative products. The majority of these med-
ical devices were created to respond to particular problems and they were made by engineers or
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physicians. The devices monitor the users and provide the information needed. These devices are
suitable to be at hospitals or at controlled ambient laboratories because they appear to be proto-
types.
Nuubo is an example of the partnership and commitment between science and design. By
gathering those two essential fields of study the company developed a product with an increased
value. Not only does it gather technical features but also aggregates a set of functions that improve
user experience.
Figure 3.3: Nuubo. Physiological parameters monitor.
Another feature that we thought to be of importance is the privacy issue. Every person must
control his or her privacy so there is no need to show to other people the values provide by the
device. Or even show the device. This kind of devices should be able to be hidden when the user
wants it to. To bring this feature to the device, we found a solution provided by Philips 3.4.
This device developed by Philips provides privacy to user by simply creating a “sleep mode
screen”. When the device is not being used, the screen shuts down and does not provide any kind
of information. This allows to save battery life too. Another feature that is announced by Philips
is the use of bright and differentiated colours to clearly identify the parameters that are being mon-
itored.
These were the products that deserved a close attention not only because they have similar
features with our project but also because the public who will use it is the same: older adult users.
So, we made this product analysis not only to check what is in the market but also to identify the
features that could improve our device.
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Figure 3.4: Intellivue MX40 by Philips.
3.1.1 Comparative analysis
We made a comparative analysis with several products that we found during research and the en-
tire tables can be found in the appendix section. There we can identify the brands, the type of
device suitable for the device, the sensors inside the device, the features provided, the year that
has been launched, the country where it was developed, the innovations that came with the ap-
paratus and the cost. This comparative analysis has been made having in consideration a set of
keywords, pre-established. Those keywords show the type of device that we found with them.
The research started with medical devices and ended in devices such as the iWatch from Apple
or Nike Fuelband. This shows a large range of devices, so in order to focus our search we had
to identify the features that could fit in our device. The set of keywords used were monitoring
devices, personal health devices, activity tracking, wearable health technology, ubicomp, minia-
turised wearable devices and wearable devices. This set of words gave us the general amount of
information displayed in the attachment of comparative analysis. Our search was based on images
and information provided by brands in their websites.
In the Appendix A we can view the entire comparative analysis tables in order to understand
the method used and the features scoped to develop these comparative analysis.
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3.2 Development of characters
In order to start the development of our device, and in order to follow a human-centred design pro-
cess, we required tools to assess the users’ point of view. Therefore, we developed some characters
that helped us to identify the problems that may occur during seniors’ daily activities and routines.
By creating those characters, we were able to grasp the impact of using a wearable device in a se-
nior’s life. This will prevent us from incurring in design mistakes and improve the user experience.
The characters gather a set of unique characteristics that allow us to think about the problems
that they would face if they were using those kind of devices. The information that we use during
the development of those characters was name, age, gender, place of birth, hobbies, diseases, pro-
fessional background and with whom and where does he/she live. We provide an example of the
character made during project in figure 3.5.The rest of the characters are in the Appendix B.
Our choice to not use personas was because the original method involves complex information
that we did not have the resources to gather.
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Figure 3.5: Example of a character developed during project development.
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3.3 Development of scenarios
To develop activity scenarios we use the characters made and simulate situations on which is pas-
sible to user found himself in. By doing a research for the activities performed by seniors during
the day and night we gather a set of situations that we think are the most common and most likely
to happen. Activities such as taking bath, go shopping, walking around, wake up during night time
and unboxing were developed, analysed and discussed.
A grid was used to help us guiding and drawing the scenarios, however we number that grid
from 1 to 6 which limited us during the scenarios development process. If we did not have that
count maybe we get more free to flow and develop our imagination which could lead us to a better
result while developing those scenarios.
The creation of those scenarios allow us to realise the problems of which type of particular
user faces by performing such actions. We also aim to reach and analyse situations of particular
high risk of fall like bath or during night. This last scenario is particularly interesting because as a
person ages it is normal to become to have more difficult to get in sleep and suffer from insomnia
which lead the senior to get up several times during the night and due to confusion and low light
environment the risk of fall increases exponentially.
In the Appendix C we present all the scenarios that were made during the process.
Figure 3.6: Example of a scenario developed during project development.
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3.3.1 Scenarios analysis and outputs
After the scenarios were developed we analysed them and made some conclusions about the per-
formance of each character in his own scenario. The analysis consisted in identify the situations
that could lead to more problems during the development of our product. By identifying those
problems we start to create a list of primary requirements that will conduct the project and the
design process. The main outputs that we gather from this analysis are in the Appendix C.2 and
can be consulted there.
We made an analysis to each scenario which produce some results however, we had the neces-
sity to discuss them with other persons involved in the project so we schedule a meeting with the
hardware development team (HDT) in order to present them the results of the scenarios analysis
and discuss those results with them.
3.4 Meeting with the hardware development team
When we analysed the scenarios and reach our conclusions we find of paramount importance in
this phase of the project to set a meeting with the team that were ensued to develop the hardware.
This will allow us to discuss the results and approach new perspectives about the project. The main
goal of this meeting is to develop a list of requirements that will limit our fields of exploration and
will guide our project because we will be aware of the constraints of the hardware and software
that is being developed and they will also be aware of the conclusions that we made so far due to
the user experience.
This stage of the project is of extreme importance because its here that we start working to-
gether and it is here that we can start make arrangements and tunes towards the first prototype.
3.4.1 Scenarios discussion
During the meeting we present to the team all of the scenarios that were made by us. We dispose
the scenarios, the characters and the analysis that we made of each scenario on the wall and we
made a presentation explaining all the points that we find important to discuss.
Then, the expected outcome of this work was to develop a requirement list by checking all the
problems and opportunities found in each scenario.
At the end of the meeting we asked to the team to fulfil a survey in order to promote the criti-
cism of our work. Questions about ergonomics of the device, which characteristics they find more
interesting, things that we could do better and features that they like the device have. This survey
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Figure 3.7: Seting the room ready to start the presentation of the scenarios to the development
team.
was only to me, as a designer, realise if the development team is well connected with the product
and their level of commitment during the process. That survey that we asked the team to fulfil is in
the Appendix D of this work and we compile the results in order to generate more data to validate
our options and we think that was important for the project have a clean perspective of the devel-
opers opinion on the project. This allow us to create a bond between the HDT and the design team.
Doing this reunion we realised that the unboxing experience scenario was considered of paramount
importance because they had in the first prototypes some troubles to connect the device with the
smartphone and it is extremely important to maintain a simple and intuitive interface between the
product and the user.
By analysing the survey we checked that all the participants highlight that a negative point of
this project is the constant and permanent use of the smartphone while using the sensor. However
we must have in mind that we are developing a product for a client and there are some characteris-
tics that we cannot dismiss. So we must steer our project accordingly to their guidelines and align
our ideas with their’s.
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3.4.2 Notes taken during the meeting
During the meeting we take notes of the development of the meeting and on the feedback of the
HDT and after the reunion we gather a set of questions that were important to define and guide the
project. Basically we divided our requirements list in topics which helped us to better understand
the features and characteristics that we should work on.
We divided the notes taken in seven groups which are the feedback of the system, the button,
the characteristics of the material, the unboxing experience, the stigma that a device like ours may
cause, the charging system and the way on how we resolve the user will wear it.
Button
• “Wear and tear”, it was discussed the liability of the type of button to be used.
• The button should be easy to press but not too much due to false alarms.
• The pressure needed to activate the button should be carefully measured.
• Analysis of the functions that will require the use of the button. (Enable and disable the
device, manual trigger, cancel a false alarm!).
Feedback
• LED (We must study the better and proper way to display the LEDs’. The blue one is the
one who consume more power, so it should be avoided. The conjunction of the LEDs’ is
RG (red and green) and we should pay attention to the diffusion of the light (how can we
optimise the light in order to have better light and low battery consumptions). We must
define clearly the signals sent by the LEDs’. (We need to know which signals or outputs
that should be sent – turn on signal, activation signal, unboxing signal, low battery, losing
connection, etc.).
• Sound.
• Buzzer.
Charging station
• The sensor should be prepared to be charged in an induction charger, so it must provide a
flat surface in order to properly be placed on top of the charger.
• The charging is wireless due to the fact of the future of charging is to use an induction
charger.
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Stigma
• The device should avoid stigmatisation of the person who is wearing it and for this we are
trying to provide to the user a choice of hidden it or showing it. The user got to have control
about which person is able to see the device and who does not. This will affect the situations
and allow to the user adapt the sensor to proper locations.
• The miniaturisation serves to turn the sensor discreet and at the same time functional and
wearable with comfort.
• The sense of community could be an opportunity to explore in the future because the system
could work as a network, connected to each other.
Unboxing experience
• The unboxing experience should be simple, intuitive and the less complicated as possible.
The experience should be not much more than activate the sensor and connect it to the
smartphone. Some level of feedback should be provided in order to give some information
to the user of the proper functioning of the device. (We need to work around the person’s
behaviour. Due to the requirement of the sensor does not work without the presence of a
smartphone we need to give a friendly feedback to the user. Provide him the sensation of
unsafely without the sensor leading him to carry his smartphone everywhere. The signal
should not be intrusive or annoying. The “tamagochi” is a case that provide to user a sense
of care and because that feeling the user pay more attention to the device. If a person feels
that her device is “alive” they will gain a sense of care with the device.
Material
• The material should not interfere with the Bluetooth connection.
• Due to the fact that the sensor could touch the skin we must provide a inert material that do
not cause allergies or discomfort to the user.
• Sealed to be waterproof.
• Must be able to support some temperature variations.
Hanging the device
• Due to the algorithms developed by the software team, this system is not prepared to be
highly accurate to detect falls if it is being used as pendant.
• The sensor needs to be as close to the body as possible in order to provide accurate feedback.
• The places that provide the best acuity results in fall detections were at the waist and the
belt height. Even though the sensor could be used in other body locations the development
team only guarantees a proper and accurate functioning of the device in these two places.
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In order to provide a better understanding of the results generated by this meeting we compile
the results on a table that could be consulted in the Appendix D.2.
3.5 How to place a sensor on the human body?
To realise which is the best way to put a sensor on the human body and wear it everyday we need
to clarify and define some concepts related to it and during our research we found one that appears
to be of extreme importance to our study. Mainstream wearable. So in the next topic we will
define and clarify this concept.
3.5.1 What is a mainstream wearable?
The concept of wearable is very diffuse and cause some confusion so we find it pertinent to clarify
the concept and try to fit our project in a field that better suits our device. While we were doing our
research for the product development we gathered some information about the wearable concept
and we realised that our product does not fit quite well in the definition of “wearable”, but rather
in the one of a “mainstream wearable” (Dvorak, 2007). The considerations that we make about
a wearable device are very imprecise and wearable does not necessarily imply that a device is
small, that it is easy to set up, easy to use and attractive. The main consideration by industry is
the functionality. The characteristics of a wearable system according to (Mann, 1998) consist of
eight main attributes which are described in the next topics.
Unrestrictive
The user should be able to perform other activities while he/she is using the device.
Unmonopolizing
The device should not be the main focus of user attention.
Observable
The system should be able to provide feedback whenever the user wants it.
Controllable
The user should be able to control the device’s functions, even when it is in automate mode.
Attentive
The device must be prepared to interact with the environment. This means that it should be
able to synchronise with other devices such as smartphones, PCs, etc.
Communicative
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The wearable must have the ability to communicate and interact within a network as a means
for the user express himself/herself.
Constant
The system should never be “dead”. It can be in sleep mode, but always ready to be activated
by the user.
Personal
Due to the close connection between user and device, the author (Mann, 1998) also considers
the next three attributes of paramount importance to characterise and define a mainstream wear-
able.
• Prosthetic - The wearable is an extension of the user’s body. In time, the user should “forget”
about its existence.
• Assertive - It should provide a feeling of prohibition to touch or removal by other persons.
It may cause the impact of intimate personal property.
• Private - Only the user should be able to interact with the device unless he/she wants to
share it with another person.
3.5.2 Waist and chest
Our choice was mainly guided by the limitations of the project. Due to functionalities of the elec-
tronic system and accuracy of the data gathered, the sensor should be placed and used at the chest
and/or waist level. Those two places were the ones that were studied to be the most accurate to
prevent the errors to occur. This restriction starts guiding our design: body places to wear the
device are limited to the two mentioned above.
The most effective way to conduct the project from now on is to develop a neutral system that
can be worn in as many places as possible. If we develop a way to attach the device that fulfils
this requirement we will get a much more effective and functional device, suitable to be used by a
larger number of people instead of only a small group.
Studies related to design for wearability gathered a set of guidelines that help researchers and
designers to develop their projects with less flaws and to provide the user a better interaction ex-
perience with the wearable device. Those guidelines for wearability reach content such as where
on the body the device should be placed (placement), defining the shape (form language), con-
sider the dynamic structure (human movement), human perception of space (proxemics), sizing,
attachment (how to fix objects to the body), containment (considering what is inside the object),
weight, accessibility, sensory interaction (for passive or active input), thermal issues, aesthetics
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and long-term use (effects on the body and mind) (Gemperle et al., 1998).
Despite the fact that these guidelines function as a whole, we will focus our attention, for now,
only in two of them. “Placement” and “Attachment”.
In order to define the placement for dynamic wearability, researchers consider three criteria
(Gemperle et al., 1998):
• Areas that do not vary much in size across the adult population.
• Areas that have a low rate of movement when the user’s body is in motion or performing
some kind of action.
• Areas that generally have a large surface compared to other parts of the body.
By applying these criteria, researchers gather a set of places on the human body that are more
willing to carry and hold a wearable device.
Looking at the study, we conclude that the areas that our researchers studied to be the most
effective to the proper functioning of the device are in fact included in the areas reached by Gem-
perle and her team. The waist, shadowed in green, is the place that fits both studies and placement
on the chest, shadowed in orange, is not conclusive because only the lower part of it is considered
by Gemperle. Because of that, to place the device on the chest could imply some adaptations.
The other guideline that we will consider in this phase of the project development is the at-
tachment to the body. Literature refers that the most comfortable configuration to the human body
is one that wraps it around it and follow the lines and contours of it. Solutions like single point
fastening systems like clips or shoulder straps are not very recommendable. Because the clip im-
plies the use of the device attached to clothes or other kinds of support and will cause anxiety and
fear, as the user may disconnect the sensor or drop it. Because of this, users tend to control and
restrict their movements in order to prevent these events. The shoulder strap will cause restriction
of movements and will cause discomfort to the user because it will directly interfere with his prox-
emics that is his/her personal perception of space (Cancela et al., 2014).
3.5.3 Where should we place the sensor on the user’s body?
By gathering the information collected during research and the pursuit for the project requirements
we conclude that the placement of the wearable device should be on the waist level. However, the
system should be able to be worn on other places such as the chest level.
We will now steer the project in that direction. The next phase will consist in the development
of a system to attach the device on these body parts, which will require an analysis of existing
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Figure 3.8: The general areas that are consider to be the most unobtrusive for wearable objects.
The areas that are coloured in green and orange are the ones where our device will work properly
on the human body.
solutions and design of our own.
The choice of materials will be of paramount importance from now on because it will limit
our choices. The design of the sensor by following those guidelines should start to emerge with
less flaws. However only when we start testing the first prototypes will we be able to know the
parameters that should be iterated.
3.6 Usability tests with seniors
The primary goal of this usability test was to understand the difficulties, behaviours and attitudes
of the seniors while they are interacting with the device. We also intended to analyse some abstract
concepts such as comfort, interaction between user and device and level of intimacy created with
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the object. In order to achieve this, we created a survey that was made after each product analysis
by the participants.
During this test, we analysed the performance of three products. The choice of these products
had to do with their resemblance with our project and to their availability.
The products that we reviewed with older adult participants were theMisfit, the Fitbit Flex and
the Withings. The main objectives of this test were to gather real and accurate information related
to the task performance.
The kind of techniques and tests used were the think aloud protocol, video queuing and de-
briefing because it allows the users to express their feelings about the device and allow us to con-
duct the test by asking the participants to perform predefined tasks idealised by us. Those tasks
were unboxing the device and all its accessories, leading the user to understand which item is the
actual sensor, assemble the device on the accessories, put it on the body the way they think it is the
best, and disassemble it. By asking the participants to perform all of these tasks we could evaluate
and identify the difficulties of each participant and also simulate the post-purchase of a device,
in other words: unboxing and assembling the device for the first time. This step is of paramount
importance to the project because we gather information about the user’s expectations, anguishes,
difficulties and feelings about a certain product and we can use such information to develop a de-
vice centred on user and not the other way around.
3.6.1 Method applied
The methods used to evaluate usability with seniors were video cueing, think aloud protocol and
debriefing.
We choose those methods because we wanted to give participants full autonomy during the
tests in order for us to have a better vision about participants’ difficulties. On the other hand by
giving to the participant more autonomy during the evaluation test we want them to feel useful and
important to the project which may lead to more reliable results.
Registering the entire session in video allowed us to analyse some steps that may have passed
during the test and which we didn’t notice. It also led us to see with more detail the performance
of each participant and identifying the points where they get more challenged by the device.
In the end of each product analysis we talked with the participants about what they thought
about the device, the problems they encountered, the features they wanted to see on such a device,
what they found important to know about handling performance and wearability. We also asked
about if it would be challenging or difficult to use a device like that every day.
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A survey was given to the participants to gather the results from the evaluation tests in order to
compile the results later and compare each participant with one another. In order to measure some
complex concepts such as comfort, pain and satisfaction we used a Visual Analog Scale to give at
these concepts a quantifiable measure. This allowed us to compare the results and create graphics
that provided a better understanding of the generated data.
The development of the evaluation tests was the one described below:
Introduction of the session
• We present ourselves to the participants and explain the scope of our project.
Tasks
• We asked participants to take out all the accessories out of the box in order to simulate an
unboxing experience.
• Ask the participants to identify which of the accessories is the sensor and assemble it where
they found more appropriate.
• Once the sensor is correctly assembled we asked to wear it and to put it where they would
use it.
• If the device being tested had more than one accessory, we asked participants to disassemble
it and reassemble it on the other accessory. Again we asked to put it where he/she found
more appropriate.
• Finally we asked participants to disassemble the device.
Post-test debriefing
• We talked with each participant right after he/she had finished the product analysis. We
asked them to evaluate the product and to give us their opinion about the problems, obstacles
and difficulties that they found during the interaction with the device.
• Finally we asked them to fill in a survey after each product analysis. The survey was already
described above and can be viewed in E.3
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Figure 3.9: Usability evaluation test. Participant trying to put the sensor on his wrist.
3.6.2 Products used to perform the usability evaluation tests
The devices used during the evaluation tests were the Fitbit Flex, the Misfit and the Withings. We
want to present the participants different devices in order to let them face different kinds of chal-
lenges. The devices are already on the market and ready to use.
We started our tests with the Withings. We decided to start with that device because it was the
most complex of all three. It requires some time to perform all the desired tasks too. The system
consisted of a sensor, a clip accessory to hold the device and a bracelet to insert the sensor in, so
the user can use it on the wrist. This system is also presented on the original box with which we
simulated the unboxing experience.
Figure 3.10: Withings sensor and its accessories.
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The next device that we presented to participants was the Fitbit Flex. This device only has
a bracelet to hold the sensor. The sensor is tiny, which was expected to cause problems at the
handling level. It also had another particular characteristic which is that the sensor only has one
way to be assembled correctly in the bracelet. The right way to insert the sensor in the bracelet is
indicated on the bottom of the sensor with an arrow that indicates the right way to mount it how-
ever this kind of hints are more suitable to persons who are used to deal with technological devices.
Figure 3.11: Fitbit Flex.
The last device we tested was the Misfit. It has a set of three elements. One is the sensor, the
other is a bracelet to hold the sensor and the other one is a clip to hold the sensor too. We wanted
to test such particular device due to the simplicity of the system to be assembled. We found this
one the most simple to handle and more intuitive of the three and we expected to use Misfit as a
comparison between the others. We found the quality of the materials of this device more appeal-
ing for the user than of the others.
Figure 3.12: Misfit
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3.6.3 Participants profile
Participants were two men and four women. Their average age was 83 years old, where the
younger person was 72 years of age and the eldest was 90 years of age.
As participants were Portuguese and living in Porto at the time of the evaluation tests. All
of them had different professional backgrounds, ranging from a woman who was used to dealing
with heavy machinery at a factory to a man who worked in the graphic industry in Angola. One
of the participants was keen to technology and was studying engineering until a few years ago.
He used to work in the electrical power field and he did projects to automate factories for a living
despite lacking higher education in engineering. That particular participant was very excited to do
the tests, however he did not perform very well because he wanted to demonstrate all of his knowl-
edge about technology, as well as his familiarity with computers and new technologies. None of
the participants had training to perform the tasks and we wanted the results as raw as possible in
order to adapt the project to as many persons as possible.
None of the participants revealed any evident disability at the physical or cognitive level. All
the participants used to have an active life. Some used to travel, others used to participate on the
activities proposed by the center and others usually went for a walk and went shopping. Some of
the participants were living alone, however none is isolated from the community. Even the ones
who lived alone were engaged with their community and took care of each other. The neighbours
perform an important role in those persons’ lives.
3.6.4 Problems found during the interaction between user and device
After analysing the videos and during the usability evaluation tests we found some problems re-
garding users’ interaction with each device. Some of the difficulties were revealed by users during
the tests, through the think aloud method. Next we will describe all the issues that we found about
the products that were being tested.
Withings
• Difficulties in taking the sensor out of the box.
• Problems in finding the on/off button.
• Some participants struggled to find a way to insert the sensor correctly in the wristband.
Fitbit Flex
• The user damaged the bracelet instinctively.
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Figure 3.13: Evident difficulty to take the sensor out of its packaging.
• Difficulties in pacing the sensor in the right position.
• No distinctive signal indicating that the user puts the sensor in an incorrect position.
• Miniaturisation of the sensor could lead to difficulties in handling the sensor.
• Very difficult for participants close the bracelet (push the button).
Misfit
• The bracelet was very fragile and did not convey a feeling of security to the participants.
• Closing the bracelet was very difficult for all participants (no one was able to perform the
task, thus blocking the entire use of the system).
To conclude this topic we want to refer that these tests allowed us to develop knowledge about
understanding, assembling, wearing and trust of seniors about that kind of technology such as
wearable devices.
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Figure 3.14: Problems to close the bracelet. The button was to small and the user was not able to
perform the task.
Figure 3.15: User trying to close the bracelet.
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3.7 Product development
Due to the clarity of all requirements and after analysing the expectations and difficulties of the
users we went to the next stage of our project which consisted in developing physical prototypes
for testing with and feedback from users.
This was a process of trial and error. Despite the fact of having the requirements present and
matured, the challenge that we identified during the scenarios analysis revealed to be very difficult
to address, as explained in the next section.
3.7.1 The challenge
After analysing all the requirements and scenarios we found ourselves with a challenge: How can
we make our device wearable when the user is taking bath? During this activity the risk of fall
increases, so the user should be wearing the fall detector. During the bath the user has no clothes
and due to this fact we need to develop a solution to this problem. How can we use a device that
is suitable to be worn like a clip and wear it also like a bracelet?
We know that the device must have two stages of functionality, one as a clip and the other as a
bracelet. Our main idea was to develop a sensor with a bracelet that can be adapted to be used as
clip and also as a bracelet.
We made some low-fidelity prototypes as we can see in figure 3.16 to demonstrate the effect
that we wanted to create by developing such idea and they worked as expected. But at this stage
we could only make a proof of concept because we did not test materials nor even developed the
system. To build the prototype we used two separated pieces to demonstrate the effect that we
wanted to convey. So far we only knew that we needed to find a material that should be flexible
and rigid at the same time. Having this settled, we went looking for products with the same be-
havioural characteristics.
3.7.2 Concepts
As we said on the topic above, we made a research to find products that have the same physical
characteristics that we want to achieve with our project and after a wide range of possibilities we
found four products whose features we thought we could adapt to our system.
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Figure 3.16: Low-fidelity prototypes to prove the concept.
Figure 3.17: Desired effect of the concept.
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3.7.2.1 "Slap band"
A "slap band" consists of a curved metal sheet which is extruded and then cut with a stripe shape.
The curve given to the steel sheet is the key to make the stripe act like a spring and curl over itself.
With the "slap band" we aim to achieve the easiness of locating the device on the body. We also
wanted the spring effect caused by the strength of the metal to maintain the device on the wrist
when the user is taking a bath. When the clip is needed, the user just needs to push the sensor off
his/her wrist and it automatically turns the bracelet into a clip.
This concept solves the problem of positioning the device on the two body positions desired,
so we worked on the development of this solution and for that we developed prototypes, searched
for materials and redesigns of some pieces, as described further.
Figure 3.18: Products who inspired our designs.
3.7.2.2 Development of a sensor
The sensor consists of electronic components in three parts - the battery, the coil and the PCB.
The PCB is a component that gathers all the information needed to run the sensors and operate
the device. The coil is the component which allows the induction charging of the battery, in other
words, it allows the wireless recharging of the battery.
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Figure 3.19: Dimensions of the components which constitute the sensor.
The next step of the process was to create and embrace the sensor in the band, so we developed
a case that would be an extra accessory to the slap band. We were developing a concept device of
two accessories. The "slap band" and the sensor.
"I’ve collected stones from riversides and from the seashore since I was a child. There were
times when I found that I’d strayed far from my original position because I’d been looking down
all the time, searching for stones. Thinking about it now, I think I felt drawn to comfortable shapes,
to a comfortable roundness; out of a myriad of stones, I always collected those that were just the
right size, slightly elongated, endearing shapes with no discontinuity in their roundness." (Fuka-
sawa, 2007).
To design the sensor we were inspired by the pebbles that we can find on the beach. We were
trying to achieve a shape that fitted well in the hand and was also pleasant to grab and hold.
We also made some tests by holding and grabbing different kinds of pebbles as presented in
figure 3.21 and we differentiated the characteristics of the pebbles. We used little ones, big ones,
not rounded, rounded and all of them were pleasant and comfortable to hold. So we did not search
for a perfect form because we found it on nature.
Due to that inspiration we started sketching and making our 3D models using SolidWorks
software as we can see in 3.23.
After we reached a final design we exported our 3D models files in order to get them 3D
printed. This step allowed us to get the first perception of the actual size of the sensor. We mea-
sured the components of the sensor and developed our sensor case from there. By knowing those
dimensions, we gained the expectations about the volume that we could work with because we
were trying to miniaturise as much as possible our device.
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Figure 3.20: Pebble stones found on the beach.
Figure 3.21: Grabbing a pebble.
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Figure 3.22: Sketches of the sensor.
Figure 3.23: SolidWorks tool to assist the 3D CAD drawing.
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Figure 3.24: First 3D printed prototypes of our sensor case.
Figure 3.25: Proposal of the sensor.
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3.7.2.3 Three seconds tent, collapsible photograph reflector and headphones sport set
Since we already did the development of the sensor we needed to find a way to hold it on a struc-
ture that would allow the user to hold it near the body. So we studied the ways to embrace the
sensor on a clip and our first approach was to create a slot for the user fill it with the sensor and
adapt a foldable structure to allow the user to use the device as a clip and also as a bracelet as we
demonstrate below.
Figure 3.26: First prototype adapting the headphones structure.
The problems that we solve with this solution were as follows:
• The sensor could be attached to the bracelet when the user needs it.
• Induction charging would be easy because the user just needed to take it out of the "band"
and put its flat surface on the induction charger.
• The user would be able to easily change wearing position by pushing it in the middle.
At first we could prove the concept and the effect that we want to achieve with low-fidelity
prototypes. However, we need to develop the use of materials and choose the right materials to
perform such effect. We started to sketch how the system should work and after that we initiated
our research on the materials.
This concept is based on using the forces presented on the structure inside the textile to hold
the pre-established form of the device. Then, by deforming the structure which is inside the textile
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Figure 3.27: Sketches made to idealise the concept.
Figure 3.28: Materials used to prototype this concept. Flexible textiles, 3D printed flexible struc-
tures and wires of different diameters, profiles and materials.
the device would acquire another different shape, just like the ‘3 second tents’: when the user folds
the tent, the textiles hold the form, but when the structure is "released" the tent acquires another
shape. This was the main idea on which we based this concept.
When we initiated the development of prototypes we gathered different types of textiles for
the band and different kinds of materials to do the structure, however we did not succeed to per-
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form the movements that we expected with any material which we experimented, so we went to
talk with some material experts from FEUP, who are to explain the constraints due to materials’
performance and behaviour and they said that it would be very difficult to find an affordable ma-
terial that would have the characteristics we wanted. That setback made us rethink the project and
advance to another proposal.
Figure 3.29: Low-fidelity prototypes made but turned unsuccessful due to the behaviour of the
materials used.
In order to continue the development of this concept we made research on textiles and con-
tacted another expert in textile materials. We went to Universidade doMinho and reached Engineer
Joana Cunha who has a PhD in Textile Engineering. The scope of our contact was to find if there
were some kind of textile that behaved like a spring and had the strength to hold the shape. But,
once again the expert opinion about the project was not encouraging of our idea. However, we
talked about the use of a polymer instead of a textile. The use of polymers opened new ways to
develop new prototypes, namely the ways to combine different materials and take advantage of
the advantages of each.
3.7.3 Using polymers to develop new prototypes
When we started our search for polymers we found a company selling "liquid rubber" and this rub-
ber allowed us to make moulds, as well as to coat metal and polymer. This let us make composites
of materials in order to get the best features of each material like the softness and flexibility of the
rubber and the elasticity and strength of metals and polymers.
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Figure 3.30: Polyurethane elastomer. Two parts to mix and obtain the final compound.
Figure 3.31: Crafting process until we obtain a final piece.
The polymer that we used was polyurethane because it is flexible and resilient. We can check
its technical characteristics in Attachment G. It is not too frail and we can make thin thicknesses
with it which allow us to make experiment different kinds of designs.
We started to experiment to make some moulds out of a soap bar to experience the physical
characteristics of the material and also to check if the prototype would perform as expected.
After these tests, we developed a new design of our piece in order to achieve a medium-fidelity
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prototype. We used the 3D printer to make the moulds and leak the polyurethane elastomer to there
in order to make pieces that got closer to the final product.
3.7.4 New concept
This new concept aimed at developing a system which allowed the user to wear the sensor as a
clip and also as a bracelet. The main difference of this concept with regards to the previous ones
is that the sensor could be detached from the system whenever the user wanted to with much less
effort due to the sensor being attached by the force of magnets.
We based our design on adapting some features of the following devices: i) The clip to hang
photographs which has a large pushing area that is suitable for persons who have problems with
handling dexterity; ii) The Swatch Pop Watch show us a way to adapt the bracelet to a clip and
vice versa by hiding the "excess" of the stripe that the user does not want to use but always being
available to turn it into a bracelet. iii) The TomTom Runner Watch because this particular device
gathers two accessories, the sensor and a bracelet to insert it in when the user wants to go for a run.
Figure 3.32: Devices inspiring our concept.
The use of polyurethane elastomer made us rethink our design. At this stage we wanted to use
the bracelet hidden in the sensor case. When the bracelet is fully hidden in the sensor case, the
user can use the device as a clip but when the user pulls off the bracelet from the sensor case, it
turns the device into a wristband.
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Figure 3.33: By moving the sensor case, the user will be able to use the device as a clip or as a
wristband.
The new design consists in inserting a flexible band inside a plastic piece and, by using mag-
nets, adapt the sensor remaining structure. We made a low-fidelity prototype in order to test the
system and validate our concept.
Figure 3.34: Sketch of the new design and low-fi prototype.
We developed this concept further and we made medium-fidelity prototypes. To build those
prototypes we used the 3D printer to create our moulds in order to have the most accurate mea-
surements and lines of the design developed. We also made some experiments by gathering the
polyurethane elastomer with 3D printed plastic parts. This characteristic allowed us to gather dif-
ferent materials and create some composites which took advantage of the features of each material.
With the prototype made we were able to see the physical volume of the system and check its
functionality and by doing that we noticed some problems with this design. The first was the use
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Figure 3.35: First medium-fidelity prototype made following the concept of having a sensor sepa-
rated from the remaining structure.
of many pieces which would render the system complex and confusing to wear and assemble. The
second was that if the sensor was to be attached to the band with a magnet, the risk of the user
losing it was very high, unless we used a neodymium magnet. However, the use of those powerful
magnets is not suitable at the moment because the hardware team developing the electronic com-
ponents did not make any tests to study the readings’ accuracy with the sensors near a neodymium
magnet. The signals could be affected, which would then affect the accuracy of the device.
The problem that we had to fix at this stage was reducing the number of pieces of the system.
So the next prototype aimed at solving this situation by placing the electronic components inside
a case and hiding the stripe inside that case as well.
After this iteration we analysed the device characteristics and consequently found some issues
to solve. Despite reducing the number of accessories with this new design, we had technical diffi-
culties to find a proper way to develop the holding system. Due to the materials used we were not
able to have a fully functional prototype that proved the concept. So, we continued to make more
prototypes in our pursuit to get a functional device.
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Figure 3.36: Prototypes and moulds made during the development of the device.
Figure 3.37: Iteration of the first medium-fi prototype.
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Figure 3.38: Participants of the focus group session.
3.7.5 Focus group with seniors
After the development of the first two concepts which generated the two medium-fidelity proto-
types described above we decided to make a focus group session with some seniors in order to
gather opinions about those developments.
Our expectations for this session were to generate a discussion about the concepts developed
and to discuss the issues about the functionality of the systems developed. We planned to make a
focus group session with one facilitator and with four persons at the most, so that everyone could
give their opinion. We also presented to seniors another wearable device different than the ones we
tested during the usability tests. We will describe the content of the session below and its outputs.
The session did not occur as we expected because, even though we had requested a room at
the day-care centre, it was not available. Therefore, we conducted the session on a crowded room
with more than ten seniors. Because we could not exclude anyone from participating, we had to
adapt our session to that amount of persons. The session was then not very formal and was at
times everyone was talking at the same time. In facilitating the focus group, we had to go with the
flow and let all people speak their mind. Even still, we caught some interesting quotes related to
their expectations about the device’s features.
First we presented the seniors our prototypes and asked them if they intuitively understand
how to put it on. Participants understood the concept of the clip, however to use it as a wristband,
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Figure 3.39: Prototypes and devices presented during the session.
the concept was not perceptible, in part due to the quality of the prototype showed in the session.
We were not able to make a fully functional prototype to show it during the session, so the concept
had to be explained. even though all understood how the system works, we realised that it did
not grab the attention of the participants to this particular feature. They were also bit aware of
the scenario in which it would be used. So, the wristband feature did not succeed in this focus
group and that indicates that we need to do profound alterations to the project and maybe follow a
different path in order to reach a satisfactory, usable and functional design.
Afterwards, we present to participants a wearable device which is already on the market and
has a particular feature different from the others that we presented them during the usability tests.
The device is called Lumo and it is a posture corrector. But the features that we wanted to show
the participants and what we wanted them to comment on was its holding system which worked
only with magnets. The system is constituted by two pieces, one is a case for the electronic com-
ponents and the other accessory is a magnet which allows the user to attach it to his or her clothes.
The magnet is very strong and did not get loose easily. Another feature that this device has is the
capacity to let the user customise and adapt the device to his or her own particular taste. The user
can change the colour of the magnet which allows having different combinations during the usage.
The feedback of this product was very positive and all of the participants highlighted the sim-
plicity and easiness of the magnet attaching system. The customisation was a bonus too because
they all refer that if they were given the possibility to choose which colour they wanted to use they
would make use of it. The system was also very intuitive to use and we did not notice any kind
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Figure 3.40: Lumo. Possible combinations and accessories.
of problems while the participants were interacting with the device. Our only concern was due to
the extreme miniaturisation of the pieces involved on the device. The magnets were to thin and if
a senior is at home and lets the magnet fall to the ground, it will be very difficult to him to grab it
from the floor.
3.7.6 Revisiting the "slap band"
Once again, we saw ourselves forced to search for a different solution in order to gather all the
components together with a simple, functional and effective system to hold the device on the body
and the best solution that we theoretical developed so far was the "slap band" system. It is simple
to put on the body, it is functional because the user can use it as a clip and also as a wrist band
and it is an intuitive and simple system. The recharging system is also achieved due to the clever
positioning of the electronic components. All the requirements which we have been pursuing are
fulfilled with this system.
As we did not achieve a functional solution with the prototypes made before, we needed to
try another approach to the problem and at this phase of the process and because the development
team reached new results related to components measures, we could now adapt these new dimen-
sions to a new design and we started to create some low-fidelity prototypes of the new components
in order to test the best way to position them.
We disposed the components on several combinations and we talked with the person in the
HDT responsible for assembling the electronic components. With him, we analysed the best way
to combine the components in order to have the most miniaturised and effective form. By doing
this we wanted to understand how much volume and area that new components need.
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Figure 3.41: New dimensions of the electronic components.
Figure 3.42: Different combinations of the components that will compose the sensor.
With this new set of components we were able to develop a new prototype with less acces-
sories, less manufacturing processes and less material. By embedding the electronic components
in a "slap band" we just need a stripe of material to perform the desired movement and then apply
a coating to cover the stripe and the components. By doing this process we eliminate the problems
of having several accessories and turn the system into a simple structure that should perform well
under the scenarios we created at the beginning of the design process. This allowed us to fulfil all
the requirements of the list and develop a cheaper and functional device.
In order to prototype the device we used polyurethane elastomer to cover the metal stripe
which acts like a "slap band" and embrace the electronic components with it.
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Figure 3.43: Prototype of the concept developed.
The results of this prototype functionality were the ones expected, however, we developed a
medium-fidelity prototype which only allowed us to prove the functionality and usability of the
system. But this device has problems, namely the ones related to miniaturisation. One of the
first requirements of our project was to develop a wearable device as small as possible and with
this new approach we are diverging from this particular feature. Still we believe that the problem
of this concept will be surpassed with research on new materials that will allow us to develop a
smaller and lighter piece to hold the entire system. Our thoughts are going on the direction of
polymer sheets. Polymers such as nylon could be good replacement for the steel stripe of the sys-
tem because it is a resilient material and there are several objects that use the two materials to do
the exact same thing. Objects like fish tapes which are used to guide electric wires through pipes
inside walls could be made from steel cords or nylon cords. Also the guitar strings could be made
from steel or nylon. This indicates us that there are several applications in which steel is being
replaced by nylon. We also think that the use of this material to make this object could lead to the
proper miniaturisation needed to make a device coherent with the project.
The advantages of using nylon would be on the manufacturing process: it would be easier to
extrude a sheet of nylon than a sheet of steel and even the lightness of material would allow to
make a stronger spring effect with less material. But this part of the project needs research to be
developed and tested in order to check these potential advantages.
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Figure 3.44: Using the device as a bracelet.
3.7.7 Point of situation
At this moment we are working on the development of the concept presented on 3.7.6. We did a
virtual model of the device developed and we made some images of the device also. The images
aim to approach the model with a the real concept of the project that are being developed and also
aims to provide the reader a better understanding of the concept. We even developed a video which
explains the concept and the functioning of this device. The video can be seen on the following
link:
https:\\youtu.be\StsWI2_95Lc
In order to continue the development of this concept we had already gathered information
about bistable structures. These kind of structures are being studied in order to adapt its function-
ality and foldability to thinner displays which will allow a miniaturisation and better portability of
these kind of devices. The relation with our project is the capacity of we have a material which
can stable in more than one positions such is the case of the slap band. The effect that we desire
was already explained on 3.7.2 however we are wondering about the materials that can be used
to apply this kind of behaviour in the material. In the attachment two we can read an interview
made to a Mechanical Engineer from Cambridge University which is studying the applications
and features of bistable structures and he refer the capability to use this feature in other materials.
The major concern with the practicability of making those kind of structures is due to the angle of
curvature that we need to give to the metal sheet (Norman et al., 2007).
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Figure 3.45: Current prototype of the concept.
3.8 Interim conclusion
In this chapter we did a step-by-step description of all stages of the design process so far. We
engage the devices that we found during our research and embrace them in the design process by
adapting features that we analysed and thought could be usable in our project. We explained the
creation of characters and scenarios and its importance to the development of the device itself. It
was also approached the importance of the meeting with the HDT in the gathering of all of the
requirements for the project. We made research on the proper placement of a wearable device on
the body in order to compare studies already made with our project. The usability tests made with
older adults were of extreme importance to define the guidelines to the design of the device itself.
Due to the close interaction between researchers and older adults, many requirements were tuned
in order to better fit the users’ needs. We reached a product development stage with sufficient
information to initiate the development of prototypes and iterate those prototypes. Our goal was
to develop a device, test it, analyse it, iterate it and tune it to another device. We gathered a set of
concepts to base our designs on and by fusing these concepts with all the information that comes
from previous stages we were able to develop a few prototypes to test and analyse.
Chapter 4
Conclusions and future work
The overall aim of this work was to understand the physical and cognitive characteristics of older
adults and design a suitable wearable device which fulfils their requirements in order to enhance
its usability and wearability. In order to achieve that we made research at the older adult’s physical
and cognitive health issues and we also made a comparative analysis between the devices who are
already on the market to check for some particular features and interesting characteristics. Us-
ability concepts and evaluation methods were also studied. This allow us to identify which were
the best ways to test and develop our design concepts during the project development. During
project development we developed characters and scenarios to guide us through our requirements
list development and we also made tests with seniors using real devices to see their capacity and
observe their difficulties in dealing with these kind of devices. Further after we settle all of the
requirements we started to formulate our concepts based on the information gathered so far. At
this moment, we are on a phase which is based the following concepts of understand, analyse,
ideate and implement. This is an iterative process which is not closed yet.
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Figure 4.1: Design process used to develop the wearable device.
Source: www.insitum.com
4.1 Conclusions
We will now define the most significant phases of the project and describe its importance to the
project development.
Older adults are a specific kind of user and they have particular needs and requirements so they
can use well and efficiently new technologies. Our research made us understand and find which
those frailties and difficulties are. By identifying those specific characteristics we were able to de-
velop design concepts which can adapt to those user’s needs and specifications. The development
of characters and scenarios were of paramount importance to this work due to its capacity to let
us disclosure and enhance our range of thought in order to achieve results which made us rethink
some pre stablished misconceptions. The requirements list which was the document that gathered
the guidelines for our project was start being developed from this stage.
After the development of the characters and scenarios, another important milestone was the
meeting with the hardware development team (HDT). This meeting allow us to understand the
devices’s constraints and features. It is very important to work in a team who gathers such mul-
tidisciplinary knowledge because the development of such device involves the inputs of many
disciplines and all of them are important to make the project evolve, so it is profitable to main-
tain this knowledge interchange. Analysing the problem from different perspectives allow us to
have a wider range of thought which help us through the design process. During the entire project
development we maintained a closer interaction between us and the HDT. Due to the fact of this
project is being developed in parallel with a real project for the industry we were able to maintain
such close interaction and we were always updated about the components features and dimensions.
This interaction enrich the project and allowed not only a simple, faster and efficient development
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of the project but also a better development of the final device.
Another main stage for our design process was the usability tests made with older adults. We
gathered a set of six older adults and a set of three wearable devices who were already on the mar-
ket at the moment and we tested them in order to afford its usability levels. We asked older adults
to perform pre stablished tasks in order to let us assess their aptness to this type of technology
and also to study the ways they found more comfortable, painless and suitable to wear the device.
Once again those tests provide us more and new guidelines to the development of the project.
However, being able to see in first hand the interaction between user and device also provides
valuable information to the project because we can ask the user to verbalise his thoughts while
he/she is testing the product. These kind of information allows to gather a set of details that could
escape from us if we only generate our requirements from the analysis of scenarios and characters.
The participants verbalisations during the tests provide personal information and opinion which
guide us through the design process in order to grab particular details on our product design that
will make a huge difference in the final result. For instance, one of the participants during the
evaluation tests refer that one of the devices that we present him give him a sense of frailness and
he will not buy such particular device due to that perception even if we prove him that the device
could resist to damage his first impression about the device will be above all of those assessments.
We need to be careful about our design choices and be aware of people’s priorities during the time
to choose a product.
When we finally fully developed our requirements list we started to create our first concepts
and consequently prototypes. Assuming the information gathered so far, we define concepts on
which we worked. We searched for devices who gathers the features that we settled before and
we evolved our design concepts from that. Having a good repertory of the systems and products
that already exist is of paramount importance to the project because we were able to identify the
main features and characteristics of some devices and transport them to our project. By defining
a goal to achieve, we can clearly identify which gaps we wanted to fill. The goal was defined
during the analysis made to the scenarios developed. We identify two scenarios where the risk of
fall increases exponentially and those scenarios were not being considered as important while the
development of the hardware. The scenarios are the bath time and during the night. As we realised
during our research the older adults tend to have insomnias and bladder problems which lead them
to get up several times during the night. This behaviour plus the low light environment and con-
fusion due to the fact of the older adult being awake during the night could lead to a potential fall.
If the older adult lives alone, he or she needs to have a system who alerts someone that they are in
trouble. So one of the problems that we want to solve was how the user can use the device during
the night. The other scenario was while the user is taking bath. In this scenario the risk of a fall
also increases due to the moisture of the environment who turns all the surfaces of the bathroom
slippery and propitious to a fall occurrence. The fact of the older adult being vulnerable and with
o clothes on, remit us to a major problem of how does this person can use the device during this
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scenario? The answer at first seemed simple to achieved but due to hardware constraints it turns a
simple answer into an enormous challenge because we need to develop a device which got to be
able to be used on several body positions and the device should be as simple as possible, not even
because the particular kind of user but also because the costs involving manufacturing processes.
We needed to have all of these characteristics in mind during the development of the device in
order to reach a satisfactory result. During this phase we passed through several design concepts
who seemed to work in theory but when we prototype them the concept did not performed as
expected. We are still making this iteration process because we did not achieved a final result so
far. We already define one concept that we are now developing and evolving. However, we need
to create a medium-fidelity prototype which make the product able to be tested with older adults.
After those tests were being made, we will be able to analyse the concept and assess its function-
ality and usability.
Despite the fact of we described a part of the project development on this dissertation does not
invalidate the work done so far. As we are working in parallel with the industry the project still
goes on below this work. We documented here one step of the product development which were
of paramount importance for our growth as students and researchers however the work did not
stopped here and still continue until the project is finished. By being part of Fraunhofer AICOS
Portugal also gave us the opportunity to work along in other projects and gave us the experience
of being part of the industry and developing our work with full access to their resources both in
human and materials.
4.2 Future work
At this moment the project is not finished. Has we mentioned on the previous section, the pro-
totype of the last concept developed needs to be iterated, developed, tuned and tested. So far we
identify the requirements of the project and the user’s expectations and needs and by doing that
we developed some concepts and prototypes. However, there are work to be done until the project
is finalised. We need to study another important case scenario which we already approach but it
needs to be discussed that is the unboxing experience scenario. In this scenario, the feedback got
to be analysed and developed. We did not approach that requirement at this moment of the project.
We also need to do usability tests with a medium-fidelity prototype in order to gather information
to our design choices. The study on the materials should also be done in order to test the function-
alities desired by the designers of the least concept in order to check its practicability.
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4.3 Competences acquired along the internship project
This project took place in a business environment at Fraunhofer Portugal AICOS and during this
internship program I accomplished several goals, which were already pre-established in the project
proposal.
I used the S.M.A.R.T. method to set and define the objectives of this project. The S.M.A.R.T.
method consists of a system designed to help researchers explain their plan of work in order to
measure the objectives achieved during the internship program. By using this method I will be
able to describe the competences acquired through this process such as technical competences,
communication, professionalism and ethics and also research related competences.
Technical competences
The internship project at FhP AICOS allowed me to improve my technical competences at
two major levels: Product development and User-Centred Design. Such competences improved
my technical capacities to develop and conduct a project. It also gave me the tools to realise and
understand how a project needs to be structured in order to be successfully developed from the
beginning to the end.
Product Development
• Development of concepts and prototypes.
• Capacity to iterate the prototypes by analysing their characteristics and behaviours.
• Choice of materials having in mind the characteristics of the object.
• Improve technical drawing abilities.
• Use techniques to make prototypes such as 3D printing machines and moulding.
User Centred Design
• Development of characters.
• Development of scenarios.
• Planning and conducting Usability Evaluation Tests.
• Analysis of the insights and the results provided by Usability Evaluation Tests.
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• Development of devices with focus on an individual group of users.
• Improved analytical capacity to evaluate a device and assess its usability in relation to a
certain user group.
The development and improvement of such competences turn resulted in me being more au-
tonomous in order to embrace properly an Industrial and Product Design project.
Communication competences
During the internship at FhP AICOS, I was working on two different projects at the same
time. One was the dissertation project and the other was an FhP AICOS’s internal project. This
brought us the opportunity to interact with the clients and present them our results. Due to the
symbioses between the dissertation project and the FhP AICOS internal project, the work done
for the dissertation was also useful for the internal project. I also had to interact with the inter-
nal team responsible for the hardware development where I had to present them our results and
design choices in order to see if the two paths were aligned. So, at the communication level, I
gained competences by interacting with clients and also with the internal team that worked at FhP
AICOS. I also had to adapt my communication to older adults’ characteristics in order to explain
our work and help by performing the usability tests.
Clients
• Active participation in a workshop in order to define design choices.
• Presenting results and data gathered in order to be used in the context of the project development.
• Making the bridge between the designer responsible to the project and the HDT.
FhP AICOS internal team
• Communication made through the presentation of scenarios developed.
• Schedule of meetings in order to settle guidelines to the project.
• Translate the "language" used by the HDT to the design process.
• Final presentation of the results gathered during the project to the entire FhP AICOS community.
• Demonstrations of the final results to the FhP AICOS community explaining the scope of
the project and explaining the path followed until the current results.
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Those were the main achievements gained at communication level while the project was run-
ning.
Professionalism and ethics
As I was inserted in a working team which had already started the development of the project, I
had to adapt my working methods to follow them. I gained experience in dealing with tight sched-
ules to present results and also to meet the team’s expectations about my work. I never settled
and always tried to improve the results generated. I also gained work methods and responsibility
because the work done by others also depends from our own work. At FhP AICOS I noticed that
each individual needs to accomplish their tasks and FhP AICOS gave the worker full responsibil-
ity to finish such tasks and make the work flow. That method provided good results because the
employee can develop his/her tasks with little pressure and at his/her own pace, which increases
responsibility but also leads the employee to focus on the results.
Professionalism
• Accomplish the pre-established working hours.
• Attempt to provide the best results possible as soon as possible.
• Respect others’ opinions.
• Developed teamwork experience increased by a spirit of mutual aid.
Ethics
• Help others with our skills.
• Be available to help our colleagues to improve their results.
• Leave the spaces and machines used operable to the following users.
• By working with older adults we had to adapt ourselves in order to let them comfortable and
pleased to help us.
• Dealing with confidential projects.
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Research
My research skills were improved during this project because we I to prepare a state of the art
review in order to understand the scope of our project and also the group of users which we need
to work with. The process of research is part of a cycle of the User-Centred Design method due to
its iterative nature. So, the main competences gained at this level were as follows.
• State of the art review in order to understand the characteristics of the user group.
• State of the art about wearable devices in order to compare and analyse features and characteristics.
• Use of bibliography management software to manage the references on which we based our
work.
• Defining accurate paths to reach accurate results.
That process allowed me to have a wider view on the main project requirements in order to
understand and define the main constraints and the best opportunities we had to face in order to
start the project development.
Appendix A
Comparative analysis
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 a
th
le
ts
 a
nd
 
em
pl
oy
ee
s
M
DM
 S
en
so
r t
o 
m
ea
su
re
 
m
ov
em
en
t a
nd
 a
n 
M
DE
 
Se
ns
or
 a
nd
 E
le
ct
ro
de
 to
 
m
ea
su
re
 m
us
cl
e 
ac
tiv
ity
.
M
ea
su
re
, r
ep
or
t a
nd
 re
po
rt
 o
n 
m
ov
em
en
t a
nd
 m
us
cl
e 
ac
iv
ity
 
of
 th
e 
lo
w
er
 b
ac
k 
an
d 
lu
m
ba
r 
sp
in
e.
20
08
Au
st
ra
lia
Re
al
 ti
m
e 
da
ta
 o
f m
us
cl
e 
an
d 
m
ov
em
en
t a
ct
iv
ity
 o
f a
n 
in
di
vu
al
s p
os
tu
re
.
---
Th
ey
 a
re
 c
re
at
in
g 
pa
rt
ne
rs
hi
ps
 
w
ith
 p
ro
fe
ss
io
na
l t
ea
m
s a
nd
 
at
hl
et
s i
n 
or
de
r t
o 
im
pr
ov
e 
pe
rfo
rm
an
ce
 a
nd
 p
re
ve
nt
 
in
ju
rie
s.
 A
no
th
er
 in
du
st
ry
 th
at
 
is
 im
po
rta
nt
 to
 th
is
 d
ev
ic
e 
is
 
th
e 
in
su
ra
nc
e 
of
 e
m
pl
oy
ee
s.
Ad
he
si
ve
 p
at
ch
Se
ni
or
s w
ho
 li
ve
 a
lo
ne
Ac
ce
le
ro
m
et
er
 a
nd
 w
ire
le
ss
 
po
si
tio
ni
ng
 sy
st
em
 w
ith
 
in
fra
re
d 
si
gn
al
s.
Fa
ll 
de
te
ct
io
n 
w
ith
 a
 sy
st
em
 
th
at
 m
ea
su
re
s t
he
 p
os
iti
on
 o
f 
th
e 
bi
os
en
so
r. 20
12
Fr
an
ce
De
te
ct
s a
ll 
ki
nd
 o
f f
al
ls
. B
ru
ta
l 
fal
ls,
 so
ft f
all
s a
nd
 fa
int
ne
ss
.
39
0€
 +
 4
9€
/m
on
th
 - 
19
90
€
(F
or
 3
 y
ea
rs
 o
f s
er
vi
ce
)
Th
e 
sy
st
em
 is
 li
nk
ed
 to
 a
 
ca
ll-
ce
nt
er
 w
hi
ch
 c
al
ls
 to
 
th
e 
us
er
 te
le
ph
on
e.
 If
 th
e 
ph
on
e 
is
n’
t a
ns
w
er
ed
, t
he
 
el
de
rly
 c
ar
eg
iv
er
 o
r f
am
ily
 
is
 im
m
ed
ia
tly
 c
on
ta
ct
ed
, i
n 
or
de
r t
o 
ch
ec
k 
w
ha
t i
s w
ro
ng
.
Ad
he
si
ve
 p
at
ch
Al
l t
yp
e 
of
 u
se
r
Th
e 
de
vi
ce
 is
 th
e 
ac
tu
al
 
se
ns
or
. I
t i
s a
n 
in
te
gr
at
ed
 
sy
st
em
 th
at
 in
vo
lv
es
 a
 p
ac
k 
of
 
se
ve
ra
l s
en
so
rs
. 
Sl
ee
p 
m
on
ito
r, 
pe
do
m
et
er
, 
he
ar
t r
at
e 
m
on
ito
rin
g 
an
d 
re
sp
ira
tio
n 
ra
te
 m
on
ito
r.
Vi
ew
ab
le
 d
at
a 
on
 m
ul
tip
le
 
de
vi
ce
s,
 su
m
m
ar
iz
e 
tr
en
ds
 
an
d 
pl
ot
s d
at
a. -
--
Ad
he
si
ve
 p
at
ch
Al
l t
yp
e 
of
 u
se
r
Th
er
m
om
et
er
, U
V 
se
ns
or
, 
he
ar
t r
at
e,
 b
lo
od
 p
re
ss
ur
e,
 
hy
dr
at
io
n,
 e
le
ct
ro
lit
es
, s
w
ea
t 
an
d 
ot
he
rs
.
Th
er
m
om
et
er,
 fit
ne
ss
 
m
on
ito
rin
g,
 sk
in
ca
re
, p
ai
n-
fre
e 
di
ab
et
es
 m
on
ito
rin
g 
an
d 
dr
ug
 d
el
iv
er
y. 2
01
4
U
. S
. A
.
N
FC
 T
ec
hn
ol
og
y 
to
 re
ce
iv
e 
da
ta
 fr
om
 se
ns
or
s.
 N
o 
ba
tt
er
ie
s n
ee
de
d. ---
Ad
he
si
ve
 p
at
ch
Pa
tie
nt
s w
ith
 h
ea
rt
 c
on
di
tio
ns
H
ea
rt
 ra
te
 se
ns
or
. S
in
gl
e 
se
ns
or
. W
ire
le
ss
 sy
st
em
 to
 
tra
ns
m
it 
da
ta
.
Co
nt
in
uo
us
 a
rr
ith
m
ia
 
de
te
ct
io
n,
 w
at
er
 re
si
st
an
t, 
au
to
m
at
ic
 a
ct
iv
at
io
n,
 E
CG
 
co
lle
ct
io
n 
an
d 
he
ar
t r
at
e 
tr
en
d.
20
09
U
. S
. A
.
Di
sc
re
te
, e
as
y 
to
 u
se
 a
nd
 c
on
-
ve
ni
en
t. 
Au
to
m
at
ic
 d
at
a 
tra
ns
-
m
is
si
on
 to
 u
se
rs
 p
hy
si
ci
st
.
---
88 Comparative analysis
Ty
pe
 o
f d
ev
ic
e
Us
er
Se
ns
or
s
Fe
at
ur
es
Ye
ar
 la
un
ch
ed
Lo
ca
tio
n
In
no
va
tio
ns
Co
st
Co
m
m
en
ts
W
ris
t b
an
d
Lo
ne
 w
or
ke
rs
 a
nd
 e
ld
er
ly
 
pe
op
le
 w
ho
 li
ve
 a
lo
ne
.
Re
al
-ti
m
e 
lo
ca
tin
g 
sy
st
em
.
Ba
tt
er
y 
du
ra
tio
n 
of
 2
-4
 w
ee
ks
, 
bl
ue
to
ot
h 
lo
w
 e
ne
rg
y,
 G
PS
, 
w
at
er
pr
oo
f a
nd
 re
m
ot
e 
ba
tt
er
ie
 st
at
us
 m
on
ito
rin
g.
 
20
15
Fi
nl
an
d
Re
al
-ti
m
e 
lo
ca
tin
g 
of
 p
eo
pl
e 
in
 a
n 
in
do
or
 o
r o
ut
do
or
 
en
vi
ro
nm
en
t.
---
Co
nd
uc
tiv
e 
fa
br
ic
Al
l t
yp
e 
of
 u
se
rs
Sk
in
 te
m
pe
ra
tu
re
, h
ea
rt
 ra
te
, 
re
sp
ira
tio
n 
ra
te
, 
Tr
ac
k 
vi
ta
l s
ig
ns
. B
lu
et
oo
th
 
co
ne
ct
iv
ity
. M
ac
hi
ne
 w
as
ha
bl
e 
fa
br
ic
.
20
12
Th
ai
la
nd
U
se
 o
f a
 c
on
du
ct
iv
e 
fa
br
ic
 to
 
in
st
al
 se
ns
or
s t
ha
t m
on
ito
r 
vi
ta
l s
ig
ns
.
---
Bo
ot
 so
le
Al
l t
yp
e 
of
 u
se
rs
Pr
es
su
re
 se
ns
or
 a
nd
 
ac
ce
le
ro
m
et
er
. 
M
ea
su
re
s t
he
 p
la
nt
ar
 p
re
su
re
 
di
st
rib
ut
io
n,
 to
ta
l l
oa
ds
 a
nd
 
ac
ce
le
ra
tio
n 
of
 th
e 
fo
ot
.
20
14
Ge
rm
an
y
It i
s t
he
 w
or
ld
’s 
fir
st 
fu
lly
 
in
te
gr
at
ed
 se
ns
or
 in
so
le
. D
o 
no
t i
nt
er
fe
re
 w
ith
 w
ea
re
r’s
 
m
ot
io
n 
in
 a
ny
 w
ay
.
28
90
€
(B
as
ic
 k
it)
W
ire
le
ss
 c
ar
ry
in
g 
de
vi
ce
Al
l t
yp
e 
of
 u
se
rs
Bl
en
dF
ixT
M
 S
en
so
rE
le
ct
ro
de
 
Te
ch
no
lo
gy
. A
cc
el
er
om
et
er
.
N
on
 in
tr
us
iv
e 
de
vi
ce
 a
llo
w
 th
e 
re
m
ot
e 
m
on
ito
rin
g 
of
 h
ea
rt
 
ra
te
.
20
05
Sp
ai
n
O
ne
 o
r m
or
e 
us
er
s a
t t
he
sa
m
e 
tim
e 
us
in
g 
th
e 
sy
st
em
. N
ew
 
m
ed
ic
al
 te
xt
ils
 th
at
 in
te
gr
at
e 
th
e 
se
ns
or
 d
ev
ic
e.
---
Ad
he
si
ve
 p
at
ch
 w
ith
 d
ev
ic
e
Se
ni
or
s
H
ea
rt
 ra
te
 se
ns
or
 a
nd
 
ac
ce
le
ro
m
et
er
.
M
on
ito
r E
CG
, h
ea
rt
 ra
te
, 
re
sp
ira
tio
n 
ra
te
, a
ct
iv
ity
 le
ve
l 
an
d 
bo
dy
 p
os
iti
on
.
20
07
U
. S
. A
.
Th
e fi
rst
 w
ire
les
s, 
sw
itc
ha
bl
e, 
3-
in
-1
 re
m
ot
e 
ca
rd
ia
c 
m
on
ito
rin
g 
se
ns
or
 w
ith
 n
ea
r 
re
al
-ti
m
e 
up
da
te
s.
 
---
Ca
rr
yi
ng
 d
ev
ic
e
Pa
tie
nt
s a
t h
os
pi
ta
l
Di
sp
la
ys
 a
la
rm
s f
or
 se
ve
ra
l 
da
ta
 re
la
te
d 
to
 v
ita
l s
ig
ns
.
M
on
ito
r h
ea
rt
 ra
te
, b
lo
od
 
pr
es
su
re
, S
pO
2, 
im
pe
da
nc
e 
re
sp
ira
tio
n 
an
d 
EC
G.
20
13
Th
e 
N
et
he
rla
nd
s
U
ni
qu
e 
ex
te
rn
al
 c
on
ne
ct
io
n 
to
 
pr
ev
en
t i
nf
ec
tio
ns
 b
y 
ba
ct
er
ia
l 
ac
cu
m
ul
at
io
n,
 d
is
pl
ay
 sl
ee
p 
m
od
e 
an
d 
co
lo
re
d.
---
Th
is
 d
ev
ic
e 
is
 to
 u
se
 in
 th
e 
ho
sp
ita
l e
nv
iro
nm
en
t b
ec
au
se
 
it 
ne
ed
s t
o 
co
m
pl
em
en
t w
ith
 
ot
he
r m
on
ito
rin
g 
de
vi
ce
s.
Ca
rr
yi
ng
 d
ev
ic
e
El
de
rly
 p
eo
pl
e
Au
to
m
at
ic
 fa
ll 
de
te
ct
io
n 
se
ns
or
s a
nd
 G
PS
.
Fa
ll 
de
te
ct
io
n,
 G
PS
 lo
ca
to
r, 
w
at
er
 re
si
st
an
t, 
sp
ea
ke
r t
o 
pr
ov
id
e 
co
m
m
un
ic
at
io
n 
an
d 
m
an
ua
l a
le
rt
 b
ut
to
n.
20
02
U
. S
. A
.
Pr
oa
ct
iv
e 
ca
re
 m
an
ag
em
en
t 
sy
st
em
.
---
Th
is
 c
om
pa
ny
 p
ro
vi
de
s a
 
se
rv
ic
e 
to
 h
el
p 
th
e 
us
er
 to
 g
et
 
ai
d 
m
uc
h 
m
or
e 
fa
st
er
. T
hi
s 
se
rv
ic
e 
is
 p
ai
d 
se
pa
ra
te
ly
 fr
om
 
th
e 
de
vi
ce
.
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Ty
pe
 o
f d
ev
ic
e
Us
er
Se
ns
or
s
Fe
at
ur
es
Ye
ar
 la
un
ch
ed
Lo
ca
tio
n
In
no
va
tio
ns
Co
st
Co
m
m
en
ts
Ch
es
t b
an
d 
or
 w
ris
t b
an
d
At
hl
et
es
, p
at
ie
nt
s a
nd
 m
ili
ta
ry
H
ea
rt
 ra
te
 se
ns
or
, r
es
pi
ra
bi
lit
y 
ra
te
 se
ns
or
 a
nd
 3
-a
xi
s 
ac
ce
le
ro
m
et
er
.
Bl
ue
to
ot
h 
to
 c
on
ne
ct
iv
ity
, 
w
at
er
 re
si
st
an
t, 
lo
ng
 
tra
ns
m
is
si
on
 ra
ng
e,
 m
ac
hi
ne
 
w
as
ha
bl
e 
an
d 
GP
S.
20
03
U
. S
. A
.
Pi
on
ee
r c
om
pa
ny
 in
 th
e 
us
e 
of
 p
hy
si
ca
l s
ta
tu
s m
on
ito
rin
g 
in
 tr
ai
ni
ng
 a
nd
 h
ig
h 
st
re
ss
 
op
er
at
io
na
l e
nv
iro
nm
en
ts
.
40
€ 
- 5
00
€
(D
ep
en
di
ng
 o
n 
th
e 
de
vi
ce
)
Th
is
 c
om
pa
ny
 is
 tr
yi
ng
 to
 
ac
hi
ev
e 
al
l t
he
 m
ar
ke
ts
 w
ith
 
th
ei
r d
ev
ic
e.
 P
ro
fe
ss
io
na
l 
sp
or
ts
, m
ili
ta
ry
, p
at
ie
nt
 
m
on
ito
rin
g 
an
d 
am
at
eu
r 
at
hl
et
es
.
W
ea
ra
bl
e 
di
fri
bi
lla
to
r
Pa
tie
nt
s w
ith
 h
ea
rt
 c
on
di
tio
ns
El
ec
tr
od
es
 to
 d
et
ec
t l
ife
-
th
re
at
ni
ng
 a
bn
or
m
al
 h
ea
rt
 
rh
yt
hm
s.
De
te
ct
s a
rr
yt
hm
ia
s a
nd
 
de
liv
er
s s
ho
ck
s.
 R
ec
or
ds
 
ar
ry
th
m
ia
s.
 2
00
2
U
. S
. A
.
Th
e w
or
ld
’s 
fir
st 
we
ar
ab
le 
di
fri
bi
lla
to
r.
---
Th
e w
or
ld
’s 
fir
st 
we
ar
ab
le 
di
fri
bi
lla
to
r. “
98
%
 fir
st 
sh
oc
k 
su
cc
es
s r
at
e.
”
Sm
ar
t w
at
ch
Al
l t
yp
e 
of
 u
se
rs
O
pt
ic
al
 h
ea
rt
 ra
te
 se
ns
or
, 
ga
lv
an
ic
 sk
in
 re
sp
on
se
, s
ki
n 
te
m
pe
ra
tu
re
 a
nd
 3
-A
xi
s 
ac
ce
le
ro
m
et
er
.
Bl
ue
to
ot
h 
co
nn
ec
tiv
ity
, w
at
er
 
re
si
st
an
t u
p 
to
 5
 A
TM
, u
p 
to
 
4 
da
y 
ba
tt
er
y 
lif
e 
an
d 
hi
gh
 
co
nt
ra
st
 to
uc
hs
cr
ee
n.
20
13
U
. S
. A
.
Pe
ak
’s 
Bo
dy
 IQ
 T
ec
hn
ol
og
y 
au
to
m
at
ic
al
ly
 g
et
s y
ou
 a
 re
al
-
tim
e 
co
m
pr
eh
en
si
ve
 p
ic
tu
re
 o
f 
yo
ur
 p
er
fo
rm
ac
e.
16
5€
Th
is
 c
om
pa
ny
 w
as
 a
cq
ui
re
d 
by
 In
te
l a
nd
 is
 p
re
pa
rin
g 
to
 
re
le
as
e 
so
m
e 
ne
w
 fe
at
ur
es
 
to
 th
is
 d
ev
ic
e 
lik
e 
re
ce
iv
e 
no
tifi
ca
tio
ns
 fr
om
 ce
llp
ho
ne
.
W
ris
tb
an
d
Al
l t
yp
e 
of
 u
se
rs
3-
Ax
is
 a
cc
el
er
om
et
er
, 
st
op
w
at
ch
 a
nd
 a
lti
m
et
er
.
W
ire
le
ss
 sy
nc
, l
og
 fo
od
, r
ec
or
d 
sl
ee
p,
 tr
ac
k 
al
l-d
ay
 a
ct
iv
ity
 
an
d 
co
nt
ro
l w
ei
gh
t.
20
07
U
. S
. A
.
Ca
lle
r I
D 
an
d 
lo
ng
 b
at
te
ry
 li
fe
. 
7-
10
 d
ay
s.
11
0€
(A
ct
iv
ity
 +
 S
le
ep
 w
ris
tb
an
d)
Th
e 
pi
on
ee
rs
 o
f t
hi
s t
yp
e 
of
 a
ct
iv
ity
 tr
ac
ke
r d
ev
ic
es
. 
Th
ey
 h
av
e 
th
e 
m
os
t s
al
ea
bl
e 
w
ea
ra
bl
e 
de
vi
ce
. 
Sl
ee
p 
m
on
ito
r d
ev
ic
e
Al
l t
yp
e 
of
 u
se
rs
Se
ns
iti
ve
 m
ic
ro
ph
on
e,
 a
m
bi
en
t 
lig
ht
 se
ns
or
, t
em
p.
 a
nd
 
hu
m
id
ity
 se
ns
or
, p
ar
tic
ul
at
e 
se
ns
or
 a
nd
 sp
ea
ke
r.
W
ak
es
 y
ou
 u
p 
at
 p
er
fe
ct
 ti
m
e.
 
Gi
ve
s y
ou
 in
fo
rm
at
io
n 
ab
ou
t 
yo
ur
 sl
ee
p.
 H
el
ps
 im
pr
ov
e 
yo
ur
 re
st
.
20
14
U
. S
. A
.
Ye
ar
 lo
ng
 la
st 
ba
tte
ry.
 Th
e fi
rst
 
de
vi
ce
 st
ric
tly
 re
la
te
d 
w
ith
 
sl
ee
p 
m
on
ito
rin
g.
10
0€
An
kl
e 
ba
nd
 m
on
ito
r
Ba
bi
es
H
ea
rt
 ra
te
 se
ns
or
, s
ki
n 
te
m
pe
ra
tu
re
 se
ns
or
, m
ot
io
n 
an
d 
po
si
tio
n 
se
ns
or
.
Pr
ov
id
es
 in
fo
rm
at
io
n 
ab
ou
t 
th
e 
be
st
 e
nv
iro
nm
en
t 
co
nd
iti
on
s t
o 
yo
ur
 b
ab
y.
 T
el
l 
th
e 
st
at
e 
of
 th
e 
ba
by
.
20
13
U
. S
. A
.
Th
e w
or
ld
’s 
fir
st 
se
ns
ing
, 
le
ar
ni
ng
 a
nd
 p
re
di
ct
in
g 
ba
by
 
m
on
ito
r.
21
5€
Th
is
 sy
st
em
 p
re
di
ct
s t
he
 ti
m
e 
at
 w
hi
ch
 th
e 
ba
by
 w
ill
 w
ak
e 
up
. T
hi
s k
in
d 
of
 in
fo
rm
at
io
n 
al
lo
w
s p
ar
en
ts
 to
 h
av
e 
a 
be
tt
er
 c
on
tr
ol
 o
f t
he
ir 
liv
es
.
W
ris
tb
an
d
Al
l t
yp
e 
of
 u
se
rs
H
ea
rt
 ra
te
 se
ns
or
, a
ct
iv
ity
 se
ns
or
, 
te
m
pe
ra
tu
re
 se
ns
or
 a
nd
 b
lo
od
 
an
d 
ox
yg
en
 se
ns
or
. O
pt
ic
al
 P
PG
 
se
ns
or
. 3
-a
xi
s a
cc
el
er
om
et
er
.
20
14
Is
ra
el
Ne
ut
ra
l d
ev
ice
 de
sig
n t
ha
t fi
ts 
to
 a
ny
 k
in
d 
of
 p
er
so
n.
---
It 
ca
n 
pr
ov
id
e 
yo
ur
 to
 y
ou
r 
ap
ps
 th
e 
da
ta
 th
ey
 n
ee
d 
to
 
he
lp
 y
ou
 a
ch
ie
ve
 th
e 
re
su
lts
 
yo
u 
st
riv
e 
fo
r.
90 Comparative analysis
Ty
pe
 o
f d
ev
ic
e
Us
er
Se
ns
or
s
Fe
at
ur
es
Ye
ar
 la
un
ch
ed
Lo
ca
tio
n
In
no
va
tio
ns
Co
st
Co
m
m
en
ts
Cl
ot
he
s a
nd
 c
ar
ry
in
g 
de
vi
ce
At
hl
et
es
EM
G 
se
ns
or
s t
o 
m
us
cl
e 
ac
tiv
ity
 
da
ta
, h
ea
rt
 ra
te
 se
ns
or
s a
nd
 
br
ea
th
in
g 
se
ns
or
s.
Se
ns
or
s a
re
 fa
br
ic
at
ed
 d
ire
ct
ly
 
in
to
 th
e 
fa
br
ic
 a
nd
 d
o 
no
t 
ne
ed
 to
 b
e 
re
pl
ac
ed
.
20
13
U
. S
. A
.
At
ho
s g
ea
r d
oe
s n
ot
 h
av
e 
w
ire
s i
n 
or
de
r t
o 
pr
ov
id
e 
fu
ll 
co
m
fo
rt
 d
ur
in
g 
yo
ur
 e
xe
rc
is
e.
32
5€
(C
or
e 
+ 
Sh
irt
 +
 S
ho
rt
s)
Th
is
 d
ev
ic
e 
ne
ed
s a
n 
in
te
gr
at
ed
 sy
st
em
 o
f c
lo
th
es
 
an
d 
w
ea
ra
bl
e 
de
vi
ce
 in
 o
rd
er
 
to
 m
on
ito
r t
he
  d
at
a 
ac
qu
ire
d.
W
ris
tb
an
d
Al
l t
yp
e 
of
 u
se
rs
3-
ax
is
 a
cc
el
er
om
et
er
.
Al
lo
w
s y
ou
 to
 m
on
ito
r a
nd
 
co
nt
ro
l y
ou
r d
ai
ly
 a
ct
iv
ity
. L
og
 
fo
od
.
20
09
U
. S
. A
.
On
e o
f t
he
 fir
st 
co
m
pa
nie
s 
to
 p
ro
vi
de
 th
is
 k
in
d 
of
 it
em
 
an
d 
th
is
 k
in
d 
of
 p
re
ci
si
on
 a
nd
 
ac
cu
ra
cy
 in
 m
on
ito
rin
g.
75
€
W
ris
tb
an
d
Al
l t
yp
e 
of
 u
se
rs
---
Tr
ac
k 
yo
ur
 a
ct
iv
ity
, r
ea
ch
 y
ou
r 
da
ily
 g
oa
l a
nd
 fo
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• Henry Voight 
• 81 years of age (born in 1934, Blackpool, U.K.)Male 
• Male 
• Lives in Blackpool, U.K., alone because he is a widower. 
• He was born in a medium class family and had to face his father to pursuit his 
career of musician. 
• Secondary education 
• He was a musician during his whole life. He taught music in an academy. 
• He is able to use basic technology such as telephone, radio, appliances in 
general, TV, air conditioning and old car and bicycle mechanics. 
• He is learning to use a tablet so he can use the features of video calling to 
talk with his son who is in Japan. He never used a computer. 
• He is left handed. 
• He appreciates the simple things. 
• He has a huge connection with his son and likes to see him at least once a 
week. 
• He likes to go for a walk near the sea shore. 
• He is a widower. 
• He plays the guitar but also plays the drums. 
• When he was young he traveled a lot due to his career as a musician. 
• He lives in a house near the beach. 
• He wakes up early. 
• He likes to meet with his friends and talk about the old days. 
• He still composes songs. 
• He is a keen person and is always receptive to learn new skills. 
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• He is a little introvert. 
• He has glaucoma. 
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• John Newman 
• 76 years of age (born in 1939, Detroit, U.S.) 
• Nowadays he lives in Florida with his wife and youngest daughter. 
• Male 
• He was born in the beginning of WWII and his father died in combat. He was 
the man on the house and had to take the lead to help his mother and two 
sisters with the expenses. 
• Graduate from High School 
• He started to work as a waiter in his grandfather’s restaurant. Then he found 
a job as a mechanic in a garage near his house. When he gained sufficient 
experience working with cars he applied to a position at GM to oversee a 
production line. Due to his persistence and perspicacity he got the job and 
stayed there until he retired at the age of 70. 
• He has great knowledge about heavy duty machines. However, because of his 
personality, he is always improving his knowledge. He learned to use 
computers in the 80’s. 
• He uses smartphone, tablet and PC on a daily basis. He also knows how to 
handle different devices such appliances and normal everyday stuff. 
• He is a natural leader. 
• He likes to improve his knowledge and does not like to feel dumber or less 
than others. 
• He is always managing to improve the efficiency of his tasks, even now that 
he is retired, he is always applying his professional experience to his personal 
life. 
• He has two daughters, one son, and three grandchildren. 
• He loves to teach his values and knowledge to his grandchildren. 
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• He is not able to perfectly move his right hand because he had an accident 
while he worked as a mechanic and broke several bones of his hand. 
• He likes to cut the grass of his garden and gardening. 
• He usually goes for a ride in his old muscle car. He often takes his grandson 
with him. 
• He likes to exercise a few days a week. 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• John Smith 
• 71 years of age (born in 1944, Portsmouth, U.K.) 
• He lives alone in an apartment in London. 
• Male 
• He came from a poor family but since early age he demonstrates high 
capabilities to solve problems and think with clarity. Those capabilities 
allowed him to pursue his studies and move to London at 15 years of age. 
• PhD in Physics 
• He worked as a teacher at King’s College during 25 years. Worked as a rocket 
scientist for ESA during the 90’s. Nowadays he lectures and writes articles 
about rocket science.  
• He is able to work with computers. He never used a smartphone or tablet and 
does not use a PC to help him give his lectures and presentations. For him, 
the computer is just a tool to help him achieve his research results. 
• The only device he carries with him is a watch. He plans his activities in order 
to always be on time for appointments. 
• He is a pragmatic person and knows that his body is no longer capable of 
doing certain activities. 
• He knows that the right technology can help him in adverse situations. 
• He likes to meet and talk with random persons on the street. 
• He usually goes for a walk in the morning. 
• Likely right handed, but may be left handed. 
• He can perform several tasks at once. 
• He usually goes for a walk at night after dinner. 
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• Herman Schürle 
• 67 years of age (born in 1948, Köln, Germany) 
• Lives in Köln with his wife. 
• Male 
• He was born during the reconstruction of the city after the WWII. He grew up 
seeing the rebuilding of the city and seeing the ruins of the monuments lost 
during the war. So, he gained a passion for photography and started to create 
an archive with images of the places he liked. 
• He studied journalism and combined his passion with his studies. 
• He worked for a journal as a photo reporter in the beginning of his career. 
Then he moved to a television channel and started traveling the world 
covering wars and conflicts across the globe. 
• He has high level of proficiency in working with cameras. He knows everything 
about them. 
• He carries a camera with him all the time because he says that you can 
always be surprised with some situation that may occur, so you must be 
prepared. 
• He is a purist and does not use his smartphone to take pictures. 
• He does exercise once in a while. 
• During the Gulf War, which he was covering, he had an accident that let him 
with a malfunction of his right side of the body. 
• Due to his bad nutrition habits he has diabetes too. 
• He is married and has a son and a daughter. 
• He has two dogs and walks them in the park every day. 
• His wife has Alzheimer’s disease.  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• Jack Moore 
• 61 years of age (born in 1954, Sydney, Australia) 
• He lives with his 38 years old girlfriend in an apartment in Melbourne. 
• Male 
• He came from a wealthy family that allowed him to travel across the world 
and have the most extreme experiences. 
• He studied Economics in London. 
• After he finished his studies in London in the 70’s, he came back to Australia 
and started a business related to trading. Nowadays he rules the company and 
is always stressful and busy. 
• He likes to be informed about the latest technology developments. He uses 
everything that is new. Uses the computer to buy gadgets and technology. 
• He has a home automation system installed in his apartment and reprograms 
it often. 
• He goes often eat in restaurants. 
• He is always in a rush because his job. 
• He travels a lot. 
• He uses to work out 3 to 4 times a week. 
• He is ambidextrous. 
• He have two sons and they are always telling him to take it easy because the 
risk of suffer a heart attack. 
• He is divorced. 
• When he was young he broke his shoulder during a horse ride and have 
difficulties in lift his left arm above the head. 
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• José António Fonseca 
• 65 years of age (born in 1950, Marco de Canavezes, Portugal) 
• Lives in Porto with his wife and his dog. 
• Male 
• Born and raised in a neighborhood in the surroundings of the city. 
• Elementary education 
• He started to work in a grocery store at the age of 9 to help his parents with 
more income at the end the end of the month. Then at the age of 18 he got a 
job as delivery boy at a grocery store. After two years as a delivery boy he 
managed his to get a job in a new company that was being created at the 
time. He got a job as a chief of the department responsible to buy the 
groceries to the suppliers. He developed a network of connections that turned 
him into an influential person in the company. 
• He does not know how to use a computer. He only knew how to use a basic 
cellphone. 
• However, he is learning how to use a computer because he has three sons who 
gave him a computer for Christmas. Two are in France and one in Greece 
working. His sons want to stay in touch with his parents. 
• He never traveled outside of Europe.  
• He knows a lot about food and groceries. 
• He goes every day for a walk in the city center. 
• He is a F. C. Porto supporter and goes to see every game at the stadium. 
• He is very stubborn. 
• He has diabetes due to an unhealthy diet. 
• He has a heart condition that does not let him endure heavy efforts. 
• He is a sedentary person. 
• He likes to walk his dog in the park in the morning. 
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• Due to retirement he is having mental problems like depression because he is 
accustomed to work and be busy. And now he finds himself with nothing to 
do. 
• Because all his his social relations were related to work, he now does not 
have any friends to be with. 
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• Juan Pablo Sanchez 
• 79 years of age (born in 1936, Zaragoza, Spain) 
• Lives in Santander with his wife. 
• Male 
• He was born in a small village near Zaragoza. The place was rural and the 
persons sustained their lives due to agriculture activities. During civil war his 
parents had to leave to the north in order to try an escape to England or 
France. 
• He never went to school. 
• During civil war his parents moved to Santander and his father became a 
fisherman to make a living and provide food to his family. Juan grew up in this 
environment and was always with his father watching his fisheries. He gained 
a passion for this activity and became a fisherman too since he was 7 years 
old. 
• The most advanced piece of technology he uses on a daily basis is a watch. He 
does not use a cellphone. 
• He has knowledge about the sea and about mechanics. Everything he learned 
was by himself and by watching the elders. 
• He has arthritis and only performs movements with reduced amplitude. 
• He suffers from age-related macular degeneration, which makes it very 
difficult to him to recognize faces. 
• He does not leave home alone because of his health condition. 
• He is a sympathetic person. 
• His wife takes care of him. 
• He likes to have a device that helps his wife take care of him. 
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• Francesca Giordano  
• 68 years of age (born in 1947, Modena, Italy) 
• Lives in Modena with her husband 
• Female 
• Her family is originally from Milan but they moved to Modena in order to find 
better life conditions. Her father worked as a furniture maker and her mother 
was a stay home mum. She has four sisters and she is the eldest. 
• Superior education 
• She was a history teacher. She has over 35 years’ experience in teaching. 
• She is always ready to learn new skills and transmit that knowledge to others. 
• She is accustomed to using smartphones, computers, tablets and wearable 
devices. 
• She does jogging four times a week and uses a device monitor to measure the 
miles she ran, the calories she burned and the steps she gave. 
• She has a healthy lifestyle. 
• She eats Mediterranean cuisine. 
• She is starting to have symptoms of dementia. 
• She is right handed. 
• She plays the piano. 
• One of her sisters lives in London and she goes there often. 
• She has a dog. 
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• Emilia Suarez 
• 88 years of age (born in 1927, Tenerife, Spain) 
• Lives in Lanzarote in a nursing home. 
• Female 
• She is a widow and she has two sons. One lives in Lanzarote and the other 
lives in Barcelona. They decided to put her in a nursing home in order to 
provide her better life conditions.  
• Elementary education 
• She has no professional experience because she stayed at home caring for her 
two sons. Her husband provided the income. He worked at the customhouse. 
• She uses her cellphone every day to communicate with her sons. 
• She often uses a tablet and a portable computer to talk with her sons too but 
with the help of the caregivers in the nursing home.  
• She usually walks outside in the garden of the nursing home. 
• She has lots of medicines to take daily. 
• She is very kind and loves children. 
• She has memory related problems. 
• She often forgets where she left her things. 
• She was a very good cook. 
• She cannot hear well of her left ear. 
• Once a year she goes to Barcelona on vacations to meet her son and spend a 
few days there. 
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• Astrid Kjellson 
• 83 years of age (born in 1932, Stockholm, Sweden) 
• Lives in Stockholm with her daughter. 
• Female 
• She is a widow and she has one daughter. She lives in her daughter’s house 
with her family. 
• Elementary education 
• She worked as telephone operator at a large steel company. She worked there 
for 20 years after the position was extinct. 
• She is accustomed to use telephone and cellphone. 
• She never used a computer before. 
• She rides a bicycle to go shopping for groceries. 
• She usually goes on vacations with a group of seniors every year. 
• She is a member of a community club that promotes the interaction between 
the people of all ages and she spends most her day time at this club doing 
activities with other people. 
• She does not have any significant health issues. 
• She is the lead singer of a band formed in the club. 
• She loves to be with her grandsons and go walking around with them. 
• She loves life and wants to enjoy the most of it while she can. 
• She is left handed. 
106 Characters
  
• Isabelle Dubois 
• 66 years of age (born in 1949, Lille, France) 
• Lives in Paris with her husband. 
• Female 
• Her husband is a politician and spends lots of days traveling. 
• Superior education 
• She teaches architecture at the university. She runs an office of architecture 
in Paris. 
• She uses smartphone, tablet and personal computer. 
• She is very keen on technology. 
• She loves fashion and uses lots of custom designed jewelry. 
• She is always busy and occupied. 
• She is a very good cook and usually cooks to her friends at home. 
• Due to her busy life she has a huge possibility of fainting. 
• She drinks coffee every day. 
• She attends yoga classes. 
• She has no children. 
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• Rosa Maria da Fonseca e Mello 
• 73 years of age (born in 1942, Lisbon, Portugal) 
• Lives in Cascais with her family. 
• Female 
• She is lives near the beach with her family who is formed by her husband, 
daughter, two sons, respective husband and wives, and three grandchildren. 
Two boys and one girl.  
• Secondary education 
• She has no professional experience because she stayed at home caring for her 
children. 
• She only knows how to use iPhone and basic cellphones. 
• She never used a computer before. 
• She goes every year to the Algarve with her grandchildren and her husband. 
• She has maids at home. 
• She is very sympathetic and likes to help other people. 
• She had a skin cancer twenty years ago. 
• She has a very active life. 
• She usually drives her grandchildren to school. 
• She usually goes with them near the beach walk and rides her bicycle. 
• She has no significant health issues. 
• She likes to wear jewellery. 
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C.2 Scenarios analysis & conclusions
Scenario analysis
1. ROSA MARIA DA FONSECA E MELLO
By checking Rosa’s story we can get a picture of her daily activities. She drives a car, goes 
walking on the beach, picks up her grandchildren at school, goes walking with them and lives 
for her family basically. 
The storyboard intends to demonstrate the effect of an external signal on the sensor’s 
behaviour. The occurrence of an accident causes a significant impact. However, in our 
storyboard the sensor did not send any signal of the impact. Should the family be concerned 
about this fact? Is the sensor working properly? 
These are the kinds of questions that her family probably will have. So, what can we do to 
avoid this kind of situation? 
As we know, Rosa has an active lifestyle and her daughter bought the sensor to monitor her 
activity and be less concerned during her mother riding, running and walking. 
Conclusions: 
• We may think of the possibility of the malfunction of the system. 
• We may pay attention to the motivations that led the user to buy 
the sensor. 
• We have to clearly demonstrate to the user the most effective 
way of using the sensor. 
• The signal sent should be clear and should give feedback about 
the user status in case the receiver cannot reach the user at an 
effective time. 
• The signal should provide several levels of warning. 
• The sensor should be able to send the signal and uncover his 
nature, caused by a fall or by an external impact.
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2. JOHN NEWMAN
John is a man with fixed ideas. Despite his age, he likes to do the things he wants to do. He 
still considers himself a young man, capable of doing everything. However, he decides to buy 
the sensor. He thinks that the device will make his family feel less concerned about his 
lifestyle. Gaining more freedom and having less explanations to give is what he wants. 
He lives with his wife and daughter. The daughter sometimes goes walking with him near the 
beach, however he often goes alone. His wife does not like to walk and exercise. 
The day specified in the storyboard was a day when he left the house to go for a walk at the 
beach. He left his smartphone at home. At the beach he sat on the sand with a slight impact, 
triggering the sensor. Even though the ‘fall’ was intentional, the alert signal was sent. 
Her daughter is dying with concern until he returns home. 
Conclusions: 
• Can the device distinguish which are the intentional falls and the 
unintentional falls? 
• Should the alert signal provide GPS location? 
• Is the slap band an effective way to effectively hold/carry the 
sensor? 
• Should the sensor be used in a specific place/position while doing 
different activities?
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3. ASTRID KJELLSON
Despite of her age, she still performs her daily activities normally. She often rides her bicycle 
to go buy groceries at the city market. 
She is an extroverted person, she likes to interact with the people who work at the market. 
Everybody knows her and she is very cherished by the community. 
Although leading an active lifestyle, age related issues affect her system and she has lost 
some capabilities due to limited hand dexterity. This affects her performance in handling tiny 
devices and systems. 
So, her interaction with the sensor is not very engaged. She uses the sensor religiously but she 
does not handle it or touch it very often. Her daughter is in charge of this task and every time 
Astrid leaves home, the sensor is verified in order to check if it is working properly. 
Conclusions: 
• The sensor should provide feedback to the user in order for the 
user to know if the device is active. 
• The device should be simple in order to be as intuitive and clear 
as possible. 
• It could be used attached to clothes through a clip or another 
kind of support system. 
• Should the device have a button to trigger the alert signal? This 
feature is mean for the user – in case of an accident, the user 
can be more relaxed by knowing that the sensor is doing its job. 
• The battery status should be easily checked.
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4. HENRY VOIGHT
Henry is 81. Due to his age he has glaucoma and this eye disease affects his vision at the level 
of peripheral perception. He is not capable of clearly visualizing very many objects at once. 
Due to this, he takes more time to perform activities such as dressing, cooking and 
socializing. 
He lives alone because he has been a widower for three years. He decided to buy the sensor 
because he lives alone and wants to be safer in case of an accident. This device will provide 
him some comfort because he will feel connected with his son and with the care center who 
receives his alerts too. 
While he takes a bath he needs to hang the sensor somewhere, so the system should be 
prepared to be used in several situations. 
Conclusions: 
• Will the sensor send signals to more than one receiver? 
• The sensor should allow being worn in several ways. In order to 
do that we need to develop a system that allows the user change 
its hanging form. 
• Should be waterproof. 
• We may include a slap band or rubber band in order to make it 
‘wearable’ in situations where users’ are not wearing any 
clothes, like the case of bath taking. 
• The sensor may provide the sense of community by interacting 
with other people who use it. 
• The materials that will be in touch with the skin should dry 
almost immediately and should not be aggressive to the skin.
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5. JOHN SMITH
John Smith understands that he is not young anymore and his body functions are declining. 
For that reason he knows that if he can have a device that could provide any kind of help to 
his body performance he will try to work around those frailties. He is an intelligent person 
and knows that technology is evolving and becoming more and more ubiquitous. So, he is 
totally open to using a wearable device that lets him carry on with his normal duties and 
activities. 
He likes to go walking around the city alone and with his friends. Despite living alone, he likes 
to interact and socialize. 
So, imagine that John Smith is going to attend a lecture at the university and he steps out of 
the subway. It is known that in many cities of Europe, we do not have mobile network. How 
will the device perform in that case? Which features should we have to add in order to fill 
that gap? 
Conclusions: 
• Will the device work properly in a place where there is no 
mobile network? 
• Will this fact have any impact on the device normal functioning? 
• Which systems will have to receive the alert emitted? 
• If a person lives alone and has no family to send the alert signal 
to, will there be a system available connected to hospitals or 
care centres?
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6. EMILIA SUAREZ
Emilia Suarez is living in a nursing home. It is paid by her two sons. She has low blood 
pressure problems which causes seizures and causes her to fall. Because of this condition, her 
two sons decided to buy her a sensor device to prevent the falls and to help the caregivers 
provide her better health care.  
She usually foes walking on the garden, a situation that could leave her unprotected and 
could raise the risk of falling. When they offered her the sensor her sons explained to her that 
the device should be with her at all times and if she did not feel good about the functioning 
of it, she should talk to a nurse in order to clear her doubts about the device. 
Because she is not very tech savvy, she does not feel very confident about the safety and the 
purpose of the device, so she decided to confront the nurse with her uneasiness. 
The nurse explained about the functioning and the purpose of the device and she felt more 
confident and safer.  
Conclusions: 
• It is known, already, that the device will not work without the 
presence of a smartphone. 
• The seniors tend to be more confident about technology when its 
features and attributes are explained by youngsters. 
• The device could send alerts to more than one receiver. It can 
reach up to three receivers at the same time.
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7. FRANCESCA GIORDANO
All of us have already experienced a situation where we need to use our phone and we were 
wearing gloves. That situation is very common and yet, there does not seem to be a solid and 
consistent solution to that problem. There are some gloves which allow interacting with the 
smartphone’s touch screen, but users still have some trouble with them because the buttons 
are too small and often they are close to the device’s edge, turning a simple mission of 
tapping a button almost impossible without taking off the gloves. 
This problem could lead to another universe and we could make a parallel with some health 
problems related to ageing. People with low manual dexterity and persons who have arthritis 
and bone problems can experience serious difficulties by trying to hit tiny buttons. 
Conclusions: 
• The status of the device should be reachable from the 
smartphone. 
• We may have the desire to check for our device whenever we 
want without the need to physically interact with it. 
• We need to provide the system with some feedback features in 
order to check if the device is working properly. 
• The feedback should be mechanical and luminous in order to 
include the largest amount possible of people who are capable of 
perceiving those outputs.
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8. HERMAN SCHÜRLE
We need to understand that some persons simply like to maintain their devices and like to 
clean them up in order to avoid maintenance problems. 
This scenario tries to approach a situation where the user of the device is very stubborn and 
wants to be himself the one doing the maintenance of his own device. Not only because he 
paid for it but also because he likes to understand the functioning of things and has 
experience with electronic devices. 
That situation will lead us to a very awkward and ungrateful position because the user is not 
supposed to open the device because the risk of losing the guarantee of the sensor. At stake is 
the proper functioning and integrity of it. 
We may not take the chance of a device working improperly, because it may have due to the 
fact consequences on the users’ health. 
Conclusions: 
• The sensor should not be easily disassembled. 
• We may include a seal of warranty in order to provide safety to 
the manufacturer. 
• The instruction manual should alert the user to the fact that he 
should not disassemble the device because it may compromise 
the proper functioning of the device. 
• A phone number should be provided to the user so that he can 
call and explain his problems. The person should be 
understanding and kind in order to provide the user the best 
possible service.
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Scenario analysis
9. JUAN PABLO SANCHEZ
Our device should be so simple that even a senior could have the ability and dexterity of 
explaining to another senior the function and purpose of the device. 
In this scenario we have a wife that has bought the sensor to her husband. He is 17 years 
older than she is and he needs healthcare because of his conditions. 
Her wife in conversation with a friend who already had bought the sensor to a relative 
explained to her the advantages of it and the help that the device could give her on taking 
care of her husband. 
She decided to offer him the device and create an event in order to make him felt 
comfortable and grateful with the situation. 
She explained to him that the device will improve their lives and he accepts the idea 
instantly. 
Conclusions: 
• Unboxing a piece of jewellery is always a remarkable event. 
• We should pay attention to the unboxing event of the device 
because this device in particularly is important to people and 
will help improve people’s life. 
• The packaging should be clean and simple, and, almost like a 
jewel, the focus should be on the sensor. 
• The instructions should be as easy as possible to understand and 
it should be understandable by persons of every age and every 
social stratus. 
• We should provide to user an immediate experience with the 
device that makes him want to use it, test it and interact with it. 
• We believe that if that level of intimacy is provided, the user will 
get connected with device almost immediately.
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Scenario analysis
10.JOSÉ ANTÓNIO FONSECA
Millions of persons experience difficulties to sleep and this problem tends to aggravate with 
age. 
Older adults get up several times during the night time and for many reasons: due to bladder 
problems, bone conditions that do not allow them to be in the same position for a long time, 
amongst others. 
This scenario pretends to analyze a situation where a person gets up too many times during 
the night. This leads to sleeping dysfunctions, it causes confusion and sickness, and the risk of 
falling increases during this period. 
That problem led us think of a way to approach and analyze that situation. 
Conclusions: 
• Should the person go to sleep with the sensor on? 
• How can we create a proper manner to allocate the device 
sensor that provides comfort using it during the night?
130 Scenarios
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D.2 Meeting outputs
Meeting outputs
1. RESULTS OF THE SURVEY
1.1. HOW DO YOU HANG THE DEVICE ON YOUR BODY?
• Waist. 
• Watch. 
• As a bracelet. 
• As a clip on the trousers belt. 
• With clothes: as a pin in my jacket/shirt _ Without clothes: as a pendant/necklace. 
1.2. WHICH FEATURES WOULD YOU LIKE TO HAVE?
• Vibration, proximity, autonomy from the smartphone. 
• Vibration. 
• Independent from the smartphone, vibration, visual notifications. 
• Activity monitoring. 
• A buzzer for sound/vibration _ Minimum interaction requirements _ Activity 
monitoring. 
1.3. WHICH CHARACTERISTICS DO YOU FIND MORE INTERESTING ABOUT THE 
SENSOR?
• Fall detection, low power. 
• Activity monitoring. 
• Autonomy, size, amount of sensors included. 
• Reduced dimensions. 
• The fall detection. 
1.4. WHAT DO YOU THINK COULD BE BETTER?
• Position (use like a watch), too dependent on the smartphone, more processing 
power, increased battery duration. 
• Independence from the smartphone. 
• Communication protocols, independent use from the smartphone. 
• More independence from the smartphone. 
• Not to carry a smartphone all the time. 
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1.5. WOULD YOU ADVISE THE USE OF THIS SYSTEM TO ANYONE CLOSE TO 
YOU? WHO?
• Yes, grandparents. 
• Yes. Elderly or any person who enjoys monitoring her activity. 
• The family elders. 
• My grandma. However, she does not have a smartphone. 
• Yes! To my grandparents. 
2. CONCLUSIONS OF THE SURVEY
The intention of this survey was to feel the team’s engagement with the project. By asking 
them to criticize their work I could note the points that could be improved and their 
involvement in the project. 
Everyone actively participated in the meeting and all of us checked the critical points of 
the project. There are some technical features that could be improved and there are some 
guidelines that I have now for the development of the sensor. 
The unboxing experience scenario was considered of paramount importance because they 
had in the first prototypes some troubles to connect the device with the smartphone and 
it is extremely important to maintain a simple and intuitive interface between the product 
and the user. 
All of the team members highlight that a negative point of this project is the constant and 
permanent use of the smartphone while using the sensor. We reached the conclusion that 
there are some requirements that the company for which we are developing this product 
does not dismiss. So we must steer our project according to their guidelines. However, 
there are some lines that we can point to for the future and could be used on the 
evolution of this particular project. 
The survey will also serve to compare with others that will be made. Then we will be able 
to compare and differentiate the needs of the groups’ different ages and backgrounds. 
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3. QUICK NOTES TAKEN DURING THE MEETING
3.1. REQUIREMENTS
3.1.1. Button
• “Wear and tear”, it was discussed the liability of the type of button to be used. 
• The button should be easy to press but not too much easy because false alarms. 
• The pressure needed to activate the button should be carefully measured. 
• Analysis of the functions that will require the use of the button. (Enable and 
disable the system, false alarm, manual trigger?). 
3.1.2. Feedback
• LED (We must study the better and proper way to display the LEDs’. The blue one is 
the one who consume more power, so it should be avoided. The conjunction of the 
LEDs’ is RG (red and green) and we should pay attention to the diffusion of the 
light (how can we optimize the light in order to have better light and low battery 
consumptions). We must define clearly the signals sent by the LEDs’. (We need to 
know which signals or outputs that should be sent – turn on signal, activation 
signal, unboxing signal, low battery, losing connection, etc.) 
• Sound 
• Buzzer 
3.1.3. Charging station
• The sensor should be prepared to be charged in an induction charger, so it must 
provide a flat surface in order to properly be placed on top of the charger. 
• The charging is wireless. 
3.1.4. Stigma
• The device should avoid the stigmatization. 
• The miniaturization serves to turn the sensor discreet and at the same time 
functional and wearable with comfort. 
•  The sense of community could be an opportunity to explore later. 
3.1.5. Blindness
• The sensor is not prepared to be used by blind person. The initial requirements of 
the project exclude those slice of potential users. It is, somehow a nonsense 
because the blind probably have more risk of falling… However, if we can include a 
buzzer, it could be blind friendly! 
3.1.6. Buyer
• The company expects that this device will be bought by the caregivers (sons, 
daughters, friends, nurses, etc.) however, we must not exclude that there are 
seniors who live independent and want to use the device to. 
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3.1.7. Unboxing experience
• The unboxing experience should be simple, intuitive and the less complicated as 
possible. The experience should be not much more than activate the sensor and 
connect it to the smartphone. Some level of feedback should be provided in order 
to give some information to the user of the proper functioning of the device. (We 
need to work around the person’s behavior. Due to the requirement of the sensor 
does not work without the presence of a smartphone we need to give a friendly 
feedback to the user. Provide him the sensation of unsafety without the sensor 
leading him to carry his smartphone everywhere. The signal should not be intrusive 
or annoying. We need to approach the feeling that people have with 
“TAMAGOCHIS”. If a person feels that her device is “alive” they will gain a sense of 
care with the device. 
3.1.8. Material
• The material should not interfere with the Bluetooth connection. We should have 
attention to the skin interaction to. (Waterproof, dustproof, temperature 
variations…). 
3.1.9. Hanging the device
• In order to provide the proper function of the device it should not be used as a 
necklace. The proper way to hang and carry the device is as closed to the body as 
possible and attached to the waist or to the belt. These positions are the only ones 
that provide the proper function of the device. (It is ok to not carrying the 
smartphone until you stop seeing it? This could be a rule to follow? There are some 
questions about the range of the device. Working the question of awareness 
without being annoying and intrusive).
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D.3 Requirements list
Checklist of the requirements
1. BUTTON REQUIREMENTS
 Manual trigger (emergency) 
 Unboxing 
 On – Off 
 Check status 
 False alarm trigger (everything is ok) 
2. FEEDBACK
 Button 
The user just need to feel the pressure to check that the button has been 
pressed. 
 LED 
 Unboxing – Fading light and when the sensor connects with the smartphone 
a sound signal should come from the smartphone, this will advert the user 
that the two devices are connected. 
 Check status – Here we will have two levels of output: an intense green to 
see that the sensor needs no battery and a weak fading green in order to 
user know that the sensor should be charged. Two levels of alert are enough 
because the person only needs to know that the sensor is charged or that it 
needs to be charged. (Analisar se faz sentido a questão da verificação do 
status do sensor porque se pode verificar o estado do mesmo no telemóvel). 
 On / Off – Fading green – to + due to intensity level when the user activates 
the sensor and the reverse when the user deactivates the sensor. (Analisar se 
faz sentido o utilizador desligar o sensor!). 
 Fall alert – When the user actually falls, the sensor will turn intense red. 
(Could be stressful to user having the device emitting a red light, it may 
cause panic and confusion).  
 Manual trigger – The same as the above. 
 Loss of connection – An alert sign emitted from the smartphone (sound) in 
conjunction with a light sign. A blinking low red which will turn brighter as 
the signal becomes weaker. 
3. CHARGING STATION
 The sensor should be prepared to be charged in an induction charging 
station. 
4. STIGMA
 The miniaturisation of the sensor will make it inconspicuous and wearable. 
 It should be an object that the user could wear with proud. 
 The social component could be a guidance to the future. We can use the 
social networks to improve the feeling of safety between the elderly. By 
taking care of each other… 
5. UNBOXING EXPERIENCE
 The first contact with the device should be intuitive and simple. Plug and 
ready to go. 
 The pairing with the smartphone should be ready and simple. Almost like the 
touch of a button.  
 The simplicity of the touch of a button should be enough to activate the 
sensor and impair it with the smartphone in the first interaction between 
user and device 
 The feedback signals should be proper, clean and clear so that the user can 
interpret them. 
 The message about how to use the safety sensor should be explicit and 
unambiguous. 
 The sensor should provide the user a feeling of SAFETY. This will lead the 
user to not separate himself/herself from the sensor or the smartphone and 
intuitively adapt his/her daily activities to the use of the sensor. 
 We could create an experience of making the device come alive. This will 
create a sensation of care and trust on the user by the device. 
 If the user feels that the system is alive, s/he will more likely have trust in 
it and will take care of it too. 
 The system should be ready to use. 
6. MATERIALS
 Waterproof. 
 Dust proof. 
 Resistant to temperature variations. 
 Resistant to impacts. 
 Resistant to scratches. 
 Glossy texture? Mate texture? 
 We should be aware of the interaction between the device and the skin. It 
must be a material that does not cause irritation on the skin and should be 
comfortable to wear. 
 Consider the Bluetooth connection. The material cannot interfere with the 
Bluetooth signal. 
7. HOW SHOULD THE USER CARRY THE SENSOR?
 In order to properly detect falls the sensor should be hanged at the waist or 
chest height. 
 The sensor needs to be as close to body as possible. 
 The physical distance between the sensor and the smartphone should be as 
short as possible at all times. 
o We may define some “rules” which could help the users to pay 
attention to this characteristic. 
 The sensor cannot be used as a necklace or pendent. 
 It has to be as close as possible to the body to reduce the percentage of 
possible error and proper functioning.
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Appendix E
Usability Tests
E.1 Usability Test Plan
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Goal 
The primary goal of this usability test is to understand the difficulties, behaviors and attitudes of 
the seniors while they are interacting with the device.
During this test, we will analyze the performance of three products. The chosen for this products 
was due to the resemblance of them with our project. We will adapt a sensor in a set of other 
accessories that let the user able to wear it in several locations.
The products that we will review with our participants are the Misfit, the Fitbit Flex and the 
Withings.
Objectives
The main objectives of this test are gathering real and accurate information related with the 
performance of work tasks. 
We will analyze the levels of comfort, pain and overall interaction between user and device.
Research questions
The issues that we need to resolve in the test are:
• Comfort during utilization
• Easiness of locate the sensor on the body
• Texture of the materials used
• Handling of the device
• Easiness of assemble the sensor with other accessories
• Unboxing experience
The data that we will collect by doing this test will be used to identify the main flaws and the 
major difficulties that this demographic group face when deal with this kind of technology.
The questions that we will made are:
• Do you immediately identify the accessories that let you properly use the sensor?
• Do you identify the sensor?
• Do you find easy to assemble all the accessories?
• Why do you put the sensor in that position?
• Do you find that device discreet?
• Is it comfortable to use?
• Can you handle it with no difficulties?
• Are the buttons suitable to you?
• Which features do you think it should have?
• Will you use it on a daily basis?
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• What do you think about the size of the sensor? It would be better for you that the 
device were bigger or smaller?
Location and setup
The location of the test will be on a day care center. This is important because the user will be in 
his comfort zone. However, we will want the tests to run individually because we expect some 
difficulties by the part of user’s performance. This will avoid embarrassment and constriction of 
the person involved on the test.
The hardware that we will use is a camera to film each session, the three sensors described 
above and the accessories that come together with the sensors.
It will be provided also a sheet with some scales to the participants fill in the end of every test.
Participants
The participants should be all above 65 years of age. We will use just 5 participants because 
above that number the information gathered is repeated and unnecessary and by having only 5 
participants we can reduce the time expended turning the process faster.
We want to use 3 women and 2 men. This choice is because the men do not vary much their 
indumenta and women have different styles. Some like to wear jewels, others not. Only for that 
we will want to have more men than women.
The literacy level is not very important to this kind of test because we will only almost be testing 
physical performance.
It will be important to have a participant with handling issues and another with the vision 
affected.  
This will allow us to gather information about that type of possible users and by analyze in 
firsthand the difficulties they will find so we can manage to develop a more accessible and 
friendly device.
Methodology
The methodology we will use to develop and conduct this test will be based on focus our 
attention in the user’s performance while he is interacting with the device. For that reason we 
will record on video the entire session. This approach will help us to focus our attention on 
details which could escape during the session. We will can analyze later with more detail the 
entire session in order to list properly every steps made by the user while he was assembling 
the device.
We will also base our test on think aloud protocol method. This method let the user speak and 
interact directly with the researcher which is of paramount importance because it will let the 
participant take an active part during the test and this could made him express himself more 
honestly without “fear” of say what he really thinks about the object he is handling.
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It will also be made a query using visual analog scales to measure and quantify abstract 
parameters such as comfort, pain, effectiveness and efficiency.
Session outline and timing
I will define the estimated time to each participant assemble, locate the sensor on the body and 
disassemble it based on my experience doing the same exercise. The time that I took to 
perform those tasks was around 5 minutes, so I will expect each participant will spend 
approximately 15 minutes to each device only to perform the tasks mentioned. We should add 
more 10 minutes to each participant to let him present himself, make him comfortable and 
express himself also.
Pre-test arrangements
It will be asked for permission to filming the session. I consider that it is important to filming the 
session as a whole and not only the hands because the facial expression of each person will 
help us understand better the struggles and difficulties. The camera must be discreet in order to 
not intimidate the participant and lead him more comfortable. Obviously the participant will be 
informed of that procedure and he/she should give us their approval for that process.
They will be informed that they will need to be relaxed and confident while doing the test 
because if they were nervous it will affect the final result because they will struggle more with 
the device and they will get angry and frustrated. It should be very clear that we will test the 
device and not the person.
They also will be informed that they will need to fulfill a query on the final of the test in order to 
provide us quantifiable information. The procedure to answer the questions could be just talking 
to the researcher and only then could be explained the proper way to fill the visual analog 
scales. The process is very simple, the participant just need to make a mark on a line limited by 
the less and the plus signal which it will indicate the “quantity” of each parameter feel by him/
her.
Introduction to the session (3 minutes)
At the beginning of each session we will present ourselves and the scope of our test. It should 
be clear that we will be testing the products and not the user’s performance. I do not find 
important to explain at the beginning the aim of our project by mentioning that it is directly 
related to older adults because that event could retract them and made them feel less confident.
Background interview (5 minutes)
It will be asked to every participant his previous professional experience, where he was born, 
where he lived and live. Basically we will try to know a little of each person in order to form 
bonds and empathy with the participant. If we do this we believe that we will improve the results 
of the test because the participants will feel more close to us, researchers and the test will not 
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be impersonal which I think is very important due to the fact of the previous experience of each 
participant could lead us to reach different conclusions.
Tasks (15 minutes)
It will be given a maximum of 20 minutes to each participant perform all the 3 tasks. However 
we will not inform the participant of that stablished time. First of all because we do not want to 
create pressure on them which will lead them to be nervous and decrease their results. 
Secondly, we think that if the user cannot perform those three tasks in that interval we believe 
that the product it is not suitable for that user.
Finally, we stablish that interval of time to perform those tasks because it is more than the 
double of the time that it took me to perform those tasks and it is studied that the seniors spend 
this relation of time compared with young persons that already have experience dealing with 
those technology. 
Post-test debriefing (5 minutes)
This process will be conducted by the researcher and it will be asked a sequence of questions 
that should lead the participants to reflect and provide us information relevant to the process. 
Session schedule
The session probably will be performed on two days, however, we do not have the precise day, 
at the moment, to schedule the session. ( I don’t know what to put here...)
Measures
Describe the data you will collect to assess the effectiveness, efficiency and satisfaction of the 
participants on the tasks.
Effectiveness - Effectiveness relates the goals of using the product to the accuracy and 
completeness with which these goals can be achieved. Common measures of effectiveness 
include percent task completion, frequency of errors, frequency of assists to the participant from 
the testers, and frequency of accesses to help or documentation by the participants during the 
task.
Efficiency – Efficiency relates the level of effectiveness achieved to the quantity of resources 
expended. It is generally assessed by the mean time take to achieve the task.
Satisfaction - Describes a user’s subjective response when using the product. Questionnaires 
to measure satisfaction and associated attitudes are commonly built using Likert and semantic 
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differential scale. Questionnaires that are widely used: ASQ, CUSI, PSSUQ, QUIS, SUMI and 
SUS. Most include measurements of Satisfaction, Usefulness and Ease of Use.
Comfort – This parameter aims to find the level of comfort provided to each device. This 
definition will be deconstructed in three categories. The level of comfort during the allocation of 
the device on the body, the comfort while using it and the comfort provided by the materials. 
Those three categories are of paramount importance to understand users’ expectations about 
that kind of technology.
Pain – This pretend to measure and quantify the level of pain experienced by the participant 
while he is performing the tasks. It will derive to the pain experienced while assembling the 
sensor and its accessories, while the user is wearing it and while the user is locating it on the 
body parts.
With that measure we can take a better and proper conscience of the difficulties found by the 
participants.
Report contents
The results will be presented in charts and will be documented as a report explaining all the 
inputs received by the analysis of the test results. That information will be used to support our 
design choices while we develop the actual device case.
Project schedule
Test plan, session script and materials
Appendix.
Test environment
The hardware that we will use is a camera and the three wearable sensors described above. It 
will not be used any kind of software during the realisation of this test.
The environment of the test should be the most comfortable and familiar to the participant as 
possible in order to resemble as possible his usual environment. The participant should not be 
wearing a coat and the temperature of the room should be normal, not cold and not too warm. 
The light does not should be too bright because at people’s houses the lights are not very bright 
and this parameter could influence the final results of the tests.
Moderator role
The moderator role will serve mainly to conduct the test and provide the participants some 
necessary guidance. He will introduce the scope of the test and the tasks that should be 
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performed by the participants. The role of the moderator is also listen the participants, take 
notes, and asking unscripted questions.
Reviewing, tabulation and analysing data
Deliverables
The materials that the test will generate are video recorded information, quantified information 
about the parameters described in above in the topic of “Measures” and a report concluding the 
results and inputs for the GoLive Wear project.
Tasks
The participants will perform the following tasks:
• Taking the device and every accessories out of the box;
• Assemble the sensor on an accessory. This task will be performed by the participant’s 
intuition and will provide us information about the more recognisable accessories to 
them.
• They will be asked to put the sensor with the accessory on the body and on the position 
that they think it fits them better.
• Then it will be asked them some questions about comfort while they wearing it.
• It will be asked them to press the buttons that the sensors have.
• Then we will asked them to disassemble the set.
Appendices
Script
• Introduction of the session
• Background interview
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E.2 Script
Script
1. INTRODUCTION OF THE SESSION
O meu nome é Ricardo Peixoto, sou aluno do Mestrado em Design Industrial e de Produto da 
Universidade do Porto. 
Neste momento, encontro-me a desenvolver a minha dissertação de Mestrado na Fraunhofer e 
o projeto visa desenhar um sensor que se adeque ao uso diário do utilizador e que ajude a 
realizar a deteção de quedas. 
Assim, a minha vinda aqui passa por tentar perceber e analisar as vantagens e desvantagens 
dos produtos existentes atualmente no mercado para com isto verificar os pontos fortes e 
fracos de cada aparelho. Esta análise vai-me permitir desenhar um sensor melhor, mais eficaz 
e mais eficiente. Por isso, conto com a vossa ajuda para que me possam indicar esses mesmos 
pontos fortes ou fracos dos aparelhos. 
Gostaria por isso que realizassem as tarefas que vos peço em seguida e que me no fim 
respondessem a um questionário que visa fazer uma análise a cada aparelho. 
Não se preocupem que o que vos vou pedir não é nada de complicado e apenas quero que 
montem, desmontem e coloquem o sensor no local que acharem mais adequado. 
Agora, gostaria de lhe fazer umas perguntas para sabermos um bocadinho acerca de si. 
(3 minutos) 
2. TASKS
Agora que já nos conhecemos melhor, podemos então passar à realização dos testes. Para isso 
vou-lhe pedir que siga as minhas indicações e que realize as seguintes tarefas: 
• Retire e veja os acessórios que estão dentro da caixa; 
• Pegue no sensor (em caso de não saber qual é, eu irei indicar) e monte-o no acessório 
que ache mais indicado; 
• Uma vez montado o sensor no acessório, coloque o sensor como se o fosse usar (uma 
vez mais, se for necessário, irei fornecer indicações de uso); 
• Agora (caso o aparelho o permita) mude o acessório e coloque-o novamente no local 
que achar mais indicado; 
• Tente acionar os botões do aparelho (Withings Pulse); 
• Desmonte o sensor; 
(20 minutos) 
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3. POST-TEST DEBRIEFING
Desde já agradeço a sua ajuda no desenvolvimento deste trabalho e por ter também 
colaborado ativamente nas tarefas que eu lhe propus. 
No entanto, agora queria que me fizesse uns comentários acerca do que achou do teste e do 
aparelho. Gostaria de saber se gostou dos materiais do aparelho, se usaria um dispositivo 
assim no seu dia-a-dia, se o achou confortável e se encontrou dificuldades ou algum 
inconveniente durante a montagem e colocação do sistema. 
Esteja à vontade para dizer tudo o que quiser. Quanto mais honestidade melhor. Não tenha 
medo de dizer que alguma coisa está mal. 
(10 minutes) 
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Análise de usabilidade
Withings         
código utilizador:____________ 
Dados Sócio-demográficos
• Em que ano nasceu?
• Onde nasceu?
• Onde é que trabalhou?
• O que é que costuma fazer nos tempos livres?
Questionário pós-teste
1. O que achou do material dos acessórios?
 
 
2. O que achou da sensação causada pelo material de que é 
feito o sensor?
 
  1
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3. Acha que o material transmite uma sensação de 
qualidade?
• Sim
• Não
• Não sabe
4. Em relação ao conforto, de uma forma geral relativa ao 
dispositivo testado, onde marcaria a linha?
 
5. Acha que este dispositivo está apto para ser usado 
diariamente?
• Sim
• Não
• Não sabe
6. Pensa que iria sentir algum problema ou dificuldade se 
tivesse que montar e desmontar este dispositivo todos os 
dias?
• Sim
• Não
• Não sabe
7. Em relação ao botão que se encontra no sensor, sentiu 
alguma dificuldade em acioná-lo?
• Sim
• Não
• Não sabe
  2
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8. Notou em alguma particularidade durante a montagem e 
desmontagem do dispositivo? Se sim, diga o que é que 
gostou e o que não gostou.
• Sim
• Não
• Não sabe
9. Pensa que as pessoas iriam reparar se estivesse a usar 
um aparelho deste género?
• Sim
• Não
• Não sabe
10. Iria-se sentir observado ou desconfortável por usar um 
aparelho destes na rua?
• Sim
• Não
• Não sabe
11.Acha que se ia sentir mais confiante e seguro ao 
usar um aparelho destes diariamente?
• Sim
• Não
• Não sabe
  3
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Análise de usabilidade
Fitbit        código utilizador:____________ 
Questionário pós-teste
1. O que achou do material dos acessórios?
 
 
2. O que achou da sensação causada pelo material de que é 
feito o sensor?
 
3. Acha que o material transmite uma sensação de 
qualidade?
• Sim
• Não
• Não sabe
4. Em relação ao conforto, de uma forma geral relativa ao 
dispositivo testado, onde marcaria a linha?
 
  1
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5. Acha que este dispositivo está apto para ser usado 
diariamente?
• Sim
• Não
• Não sabe
6. Pensa que iria sentir algum problema ou dificuldade se 
tivesse que montar e desmontar este dispositivo todos os 
dias?
• Sim
• Não
• Não sabe
7. Notou em alguma particularidade durante a montagem e 
desmontagem do dispositivo? Se sim, diga o que é que 
gostou e o que não gostou.
• Sim
• Não
• Não sabe
8. Pensa que as pessoas iriam reparar se estivesse a usar 
um aparelho deste género?
• Sim
• Não
• Não sabe
  2
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9. Iria-se sentir observado ou desconfortável por usar um 
aparelho destes na rua?
• Sim
• Não
• Não sabe
10.Acha que se ia sentir mais confiante e seguro ao usar um 
aparelho destes diariamente?
• Sim
• Não
• Não sabe
  3
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Análise de usabilidade
Misfit        código utilizador:____________ 
Questionário pós-teste
1. O que achou do material dos acessórios?
 
 
2. O que achou da sensação causada pelo material de que é 
feito o sensor?
 
3. Acha que o material transmite uma sensação de 
qualidade?
• Sim
• Não
• Não sabe
4. Em relação ao conforto, de uma forma geral relativa ao 
dispositivo testado, onde marcaria a linha?
 
  1
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5. Acha que este dispositivo está apto para ser usado 
diariamente?
• Sim
• Não
• Não sabe
6. Pensa que iria sentir algum problema ou dificuldade se 
tivesse que montar e desmontar este dispositivo todos os 
dias?
• Sim
• Não
• Não sabe
7. Notou em alguma particularidade durante a montagem e 
desmontagem do dispositivo? Se sim, diga o que é que 
gostou e o que não gostou.
• Sim
• Não
• Não sabe
8. Pensa que as pessoas iriam reparar se estivesse a usar 
um aparelho deste género?
• Sim
• Não
• Não sabe
  2
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9. Iria-se sentir observado ou desconfortável por usar um 
aparelho destes na rua?
• Sim
• Não
• Não sabe
10.Acha que se ia sentir mais confiante e seguro ao usar um 
aparelho destes diariamente?
• Sim
• Não
• Não sabe
  3
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Table about older adults’ decrease of
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Hearing sensitivity Loss with age
Auditory perception Loss with age
Auditory localisation Loss with age
Auditory discrimination Loss with age
Hearing (high frequency range) Significant loss
Vestibular efficiency 6% decrease; decrement > 40
Smell and taste Decrease
Visual acuity Decrement > 40; more intense > 60
Focus on objects at close distance Strong reduction > 40
Depth perception Evident loss > 60
 Retinal illuminance 70% reduction at 60
Contrast sensitivity Declines with age
Eye lens accommodation and transparency Reduction
Macula neuron population 50% reduction from 20 to 80
Peripheral retina Subtal but progressive change
Visual field sensitivity (central and peripheral) Reduction > 60
Visual field amplitude Narrowing
Dark to light adaptation Dramatic decrease > 60
Adaptation to darkness More than 500% reduction from adolescence to 80
Cutaneous sensitivity Decrease with age
Vibratory sensitivity Greatest decline > 80
Temperature sensitivity Greatest decline > 80
Pain sensitivity Greatest decline > 80
Touch / Pressure Greatest decline > 80
Weight discrimination Greatest decline > 80
Discrimination of passive lower limb movements Decrease with age
Kinaesthetic acuity Decrease with age
Sensory acuity Loss
Passive limb position Decrease in ability to tell if limb is passively raised 
or lowered
Significant increase (100%) of thresholds for hip, 
knee and ankle
Active joint-movement sensation No major changes
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Interview with Dr. Keith Seffen  
Cambridge University 
Sun, 21st Nov, 2010 
1 BISTABLE STRUCTURES 
Meera -   This week on Naked Engineering, Dave and I have returned to the Structures Lab in 
the engineering department here at the University of Cambridge, but this time, we’re looking 
into shape changing structures.  So, as the name suggests, these are structures that change 
their shape, but Dave, tell me a bit more about why these are so special?  
Dave -   If you're a conventional engineer building something like a bridge, or a car, or an 
aircraft carrier, you want it to do things which are very, very predictable.  So you tend to use big 
lumps of solid materials which stay in one shape and you might have joints in between them 
but the actual materials themselves are always the same shape.  And so, what we’re looking at 
today is structures in which the whole structure can actually reconfigure itself and change 
shape.  
Meera -   And one person working with these structures is Dr. Keith Seffen who’s from the 
Advanced Structures group here.  Now Keith, you've got something most people are familiar in 
your hand, it’s a snap bracelet...  
Keith -   Indeed it is, Meera.  As you can see, it’s got a little bit of plastic covering on it but it’s 
predominantly straight or it is straight in one configuration, and if you flick it against your arm, 
it’ll wrap around it and adopt a circular shape.  
Dave -   This has got two configurations.  One where it looks straight but if you look carefully at 
it, it’s curved in the other direction just very slightly.  The second one is when you wrap it 
around your wrist and it’s essentially just a straight coil in one direction.  
Keith -   That’s right, Dave.  If we take it apart, if we remove the plastic sheath, it looks like a 
tape measure.  Straight in one configuration, but curved gently across its width and in the other 
configuration, wrapped up a bit like a tape measure, sitting inside a cassette spool.  
Meera -   So, this is something many of us have seen, but how does it actually work?  How is it 
possible for it to have these two configurations?  
Keith -   Well your ordinary tape measure won't have this.  It will just want to be straight.  What 
you have to do is manipulate it.  Create or embed the second shape; the desire to be curved.  
Dave -   So you're basically just distorting the metal itself, plastically deforming the tape.  
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Keith -   What you can do if you can get hold of a length of the tape is to cut a length, wrap it 
into a coil, wrap it around a pencil perhaps, or your finger, and try and pull it as tightly as 
possible.  What that does is to permanently deform the tape measure into the circular 
position.  It likes to be in that shape, but if you then pull it straight, it will prefer to be in that 
shape as well, and that creates this bistable property, where it desires to be in both 
configurations at once.  
Meera -   So you've now rolled up this tape measure quite tightly around your finger and 
opened it up back up.  So now, with just certain pressures or just pushing on certain points, it 
should just flick.  
Keith -   That’s right.  If you just take it and push in the middle, as you can see and hear, it sort 
of pops into the cylindrical configuration or the wrap-around configuration.  And then you have 
to physically unravel it to create the straight structure again.  What you need however is two 
very different shapes for this to work and in the case of a tape measure, it’s long across its 
length but curved across its width, and that changes when you wrap it around your finger. 
When you wrap it around a pencil, it becomes flat across its width and coiled along its length, 
and it’s that antagonism that permits the properties that you see.  The shapes are so different 
that to physically move from one to the next, you have to come along and break it with your 
finger or push it in the right place.  
Meera -   Can this also be used in other types of materials as well?  
Keith -   Sure thing.  We have different engineering materials; a popular lightweight structural 
material is carbon fibre, and we work closely with a company that make tubes from carbon 
fibre that have the same bistable property.  I've got an example here of one where we’ve 
actually tuned the properties so that it prefers both to be straight and to be coiled at the same 
time whilst you're holding it, and we call that a neutrally stable structure.  
Dave -   So, it’s not snapping between one to the other.  It’s just moving very gently.  
Keith -   That’s right.  In the previous structures, there is a desire to be in both shapes, at the 
same time, they can only occupy one shape at a given time.  Whereas this one can occupy both 
and it occupies both by having part of it straight and part of it coiled and a funny transition 
region in between.  
Dave -   I guess this is a really neat way of storing a very, very long tube.  If you want a long tube 
or something, you can just roll it up the other way and it turns into a short, fat, easily storable 
object.  
Keith -   And in addition, because it’s quite happy to be extended to any length, you can have a 
tube of any length and for that reason, imagine you wanted to have some kind of device that 
would enable you to look into buildings at particular height – so what you can do is extend the 
tube, have a camera on the top of it and then look into say, the window of a burning building if 
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you're a fireman or whatever, but you don't want to be carrying this around in the extended 
configuration.  So you'd roll it up and stick in your backpack, it’ll quite happily fit there because 
it’s coiled and neatly packed.  
Meera -   Is there anything else we can also use these structures for?  
Keith -   What these little demonstrations have shown you is that, crucial to the performance of 
these is what you start off with as a basic shape.  With the snap bracelet, what we thought of 
doing was taking several of them and linking them together to produce something which was a 
bit wider, rather than having just a single strip, several strips next to one another, then we had 
the idea of alternating those strips.  What you end up with then is something that looks a bit 
like a corrugated sheet.  Like a flick bracelet where we’re able to give it pre-stress, we can make 
the corrugated sheet which is nominally flat, coil up into a cylinder.  
Dave -   This is actually a really quite nice design.  Basically, it’s a whole series of these tape 
measures next to each other, but one upside down and one in the right way up.  But instead of 
separate tape measures, it’s all just made out of a single sheet of metal which has been 
bent.  And this means, that because it's actually got some depth, it’s actually reasonably rigid as 
a flat sheet, but if you bend them beyond that point, it just starts to roll up into a tube, about 2 
inches in diameter.  And now, it’s still quite a solid structure, but it’s rolled up and takes up so 
much less space.  
Keith -   What this demonstrates is a very simple mock-up of an application of our technology 
where you might want to give some support to a very flexible, thin electronic display.  There are 
people out there in the electronics industry, trying to make displays as thin as possible to give 
them this nice, flexible feature.  Electronic ink, electronic newspaper, but delicate structures 
nonetheless.  What we’re thinking is we’ll put one of our sheets on the back of it to give it some 
strength and stiffness, but at the same time, not removing that rollability, that foldability, of the 
display or what it’s offering, and at the same time, offering protection to the structure.  
Dave -   You could basically have a computer screen which is the size of laptop screen but 
protected because it’s got this nice strong back that sits nice and flat, but when you click it, it 
will then roll up into something 2 inches across, you can put in your pocket. But it’s still quite 
protecting. It’s got this big metal sheet on the back and you can't crease it.  
Meera -   And so, with applications like this Keith, so eBook readers and electronic tablets, 
they're all very popular at the moment, and so in the future, we could just have thinner, more 
portable ones that would fit quite neatly into our bags and be protected.  
Keith -   I think that's where the industry might be heading.  The thinner the display, the lighter 
it is, the less power it uses, but the more delicate it becomes, so you need some kind of 
protective backing in these and one that enables or imparts the shape changing capability that 
makes it easier to put in your pocket or wherever is something that would help.  
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Sarah -   That would certainly make working on the move a lot better if you could just roll up 
your laptop and put it in your pocket.  That was Dr. Keith Seffen from the University of 
Cambridge, talking to Meera Senthilingam and Dave Ansell for this week’s Naked Engineering. 
 
This interview can be listened on the following link: 
http://www.thenakedscientists.com/HTML/interviews/interview/1488/ 
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